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T HE beginnings of,every:f* 
which tended either to i 
the neceffities, or $ 
more pre fling inconvenience^ ©flittV 
man' .'e, were probably coeval wi^, 
the firft eftablifhment of civil fo*. 
cieties, and preceded, by many 
ages, the inventions of letters^ afe- 
.hieroglyphics, and of every .other 
mode of tranfmitting to fdfterfxg^ 
the memory of paft tranfa^ldn^. 
In vain '.hill we, inquire* who ip*; 
vented .the firft plough, baked 

vot. i. a • 
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firft bread, ih aped the firft pot, wove 
, ;ihe firft garment, or hollowed put the 
firft canoe. Whether men were ori- 
jgfaally left, as they are at prefent, to 
pick up cafual information concern- 
ing the properties of bodies, and to 
inveftigate by the ftrength of natural 
* genius the various relations of the 
'Tftje&s furrounding them ; or were, 
in the very infancy of the world, fu- 
pernaturaliy aPifted in the difcovery 
of matters effential, as it flhould feem, 
to their exiftence and well-being, 
mull: ever remain unknown to us. 

There can be little doubt that in 
the fpace of, at leaf!-, 1656 years, 
frdtp,the creation of the world to the 
deljtte, a great variety of economical 
aflPmuft have been carried r o a very 
conliderable degree of perfeftion. 
The knowledge of many of thefe pe- 

rifhed. 
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Tiflied, in all likelihood> with ‘fflif 
then inhabitants of the earth s, li hfe 
ing fcarcely poffible for that £«$#: 
family which efcaped the general 
ruin to have either pra&iffed, or 
been even fuperficially acquainted 
with them all. When meri t have; 
been long united in civil fooetiea^ 
and human nature has been exalted, 
by a reciprocal communication of 
knowledge, it does ffot often hap- 
pen, that any ufeful invention is in- 
ti rely loft : but were all the prefent 
inhabitants of the earth, except; 
eight pcrfons, to be deftroyed by 
o.ne fudden calamity, who fees not 
that moft of thofe ferviceable apd 
elegant arts, which at prefent eonfti* 
tute the .employment, and contri- 
bute to the happinefs of the greateft 
part of the human race, would pro- 
A 2 -bably 
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babty be buried in long oblivion ? 
Many centuries might flip. away, 
before the new inhabitants of the 
globe would again become ac- 
quainted with the nature of the com- 
pafs, with the arts of painting, print- 
ing, or dying, of making porcelain, 
•gun-powder, fteel, or brafs. 

The interval of time which elapfed 
from the beginning of the world to 
the firft deluge, is reckoned, by pro- 
fane hiftorians, to be wholly uncer- 
tain as to the events which happen- 
ed in it : it was antecedent/by many 
centuries, not only to the ;era when 
they fuppofed niftory to commence, 
but to the moft diflant ages of he- 
roifin and fable. The only accounc 
relative to it, which wet-can rely 
tjpon, is contained in the firft fix 
chapters of the book of Genefisi 
three of which being employed in 

the 
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the hiftory of the creation, and of 
the fall of man ; and a fourth con- 
taining nothing but a genealogical 
narration of the patriarchs from 
Adam to Noah ; it cannot .reafon- 
ably be expe&ed, that the other two 
fhould enable us to rrace the various 
fteps by which the human intellect 
advanced iji the cultivation of arts 
and fciences, or to afeerrain, wirh 
much precifior., the flme when any 
of them was fxrfi introduced into the 
world. It is fomewhat remarkable 
that from, this account, ftiort as it is, 
the chemifts fhould be authorized, 
\vith fome propriety, to exalt the 
antiquity of their art to the earlieft 

times. Tubal-cain is there mention- 

* 

ed as an inftruftor of every artificer 
in copper and iron*. This circum- 
fiance proves, beyond difpute, rh.it 
A 3 * one 

* Gnu i>. zt. 
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one part of metallurgy chemiftry 
was well underftood at that time, for 
copper and iron are of all the metals 
moft difficultly extracted from their 
ores, and cannot, even in our days, 
be rendered malleable without much 
{kill ^nd trouble ; and it proves alfo 
«that the am in general were in an 
improved ftate amongft the antedi- 
luvians. It is laid, indeed, that fome 
tribes cf Hottentots (who can have 
no pretenfions to be ranked amongft 
the cultivators of the arts) know 
how to melt both iron and copper*; 
but this knowledge of theirs, if they 
have not derived it from an inter- 
courfe with the Europeans, is a very 
extraordinary circumftance, fince 
the melting and manuforfuring of 
metals are juftly confidcred, in ge- 

• nerai, 

* For flex ’a Voy. Vol. I. p. Si. 



( 7 ) 

neral, as indications of a more ad- 
vanced ftate of civilization than the 
Hottentots have yet arrived at. But 
not to dwell upon this; Cain we 
know built a city, and fom^ would 
thence infer that metals were in ufe 
before the time of Tubal- cain, and 
that he is celebrated principally for 
his ingenuity in’ fabricating them 
for domeftic purpofes. Hiftory 
feems to fupport our pretenfions 
thus far. As to the opinion of thofe 
who, too zealoufly contending for 
the dignity of chemiftry, make the 
difcovery of its myfteries to have 
been the pretium amcrh which angels 
paid to the fair daughters of men, we 
in this age are more diipofed to apo- 
logize /or it than to adopt it. We 
may fay of arts what the Roman 
hiftoriarn has faid of Rates — datur 
A 4 b*c 
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hac venia antiquitati, ut, tnifcendo hu- 
mana divinis, primer di a artiujti au- 
gufliora fact at*. 

For many ages after the flood we 
have no certain accounts of the ftatc 
of chemiftry. The art of making 
wine, .indeed, was known, if not be- 
fore, foon after the deluge j this may 
be collefted from the intoxication 
of Noahf, there being no inebriat- 
ing quality in the unfermented juice 
of the grape. The Egyptians were 
fttillejd in the manufacturing of me- 
tals, in medicinal chemiftry, and in 
the art of embalming dead bodies, 
long before the time of Moh s, as 
appears from the mention made of 
Jofepn’s cup and from the phvn- 
cians being ordered to embalm die 
body of Jacob §. They praSifeci 

alfo 

* Livy’s Pra:f. f Gen. ix. ar. 

J G'cn xliv. 2. § Gen. 1, a. 
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alfo the arts of dying and of making, 
coloured glafs at a very early pe- 
riod i *as has been gathered, not only 
from the teftimony of Strabo, but 
from the relics found with their 
mummies, and from the glafs beads 
with which their mummies are 
fometimcs ftudded *. But we Cannot 
from thefe inftances conclude that 
chemiftry was then cultivated as a 
feparate branch of fiderfee, or dif- 
tinguifhed in its application, from 
a variety of other arts which mult 
have been exercifed for the fupport 
and convenience of human life. All 
of chefe had probably fome depend- 
auce on chemical principles, but 

they 

See PelevaPs ingenious Inquiry into the 
t'atife of the Changes of Colours, Pref. lvi : 
and DufeiVs learned Inquiry into the Difca- 
vvjiies attributed to the Moderns, p. Z41* 
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they were then, as they are at pre- 
fent, praftifed by the fcveral ar- 

t * 

tills without their having any theo- 
retical knowledge of their refpec- 
tive employments. Nor can we pay 
much attention in this inquiry to the 
obfcure accounts which are given 
of the two great Egyptian philofo- 
phers, Hermes the* elder, fuppofed 
to be the fame with Mizraim, grand- 
fonof Noahj attd Hermes furnamed 
Trifmcgiftus the younger, from 
whom chemiftry has by fome been 
affededly called the Hermetic art. 

The chemical Ikill of Mofes dif- 
played in his burning, reducing to 
an impalpable powder, and render- 
ing potable the golden calf in the 
wiidernefs, has been generally ex- 
tolled by writers on this fubjeft ; and 
conftantly adduced as a proof of the 

then 
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then flouriftiing ftate of chemiftry 
amonjgft the Egyptians, in whofe 
learning he is faid to have been well 
verfed. If Mofes had really reduced 
the gold of which the calf cpnGftcd, 
into afhes, by calcining it in the 
fire ; or made it any other way foluh 
ble in water, this inftancc * would 
have been greatly in point? hut nei- 
ther in Exodus nori|, Deuteronomy, 
where the faft is mentioned, is there 
any .thing faid of its being diflfolyed 
in water. The enemies of revelation, 
on the other hand, conceiving it to 
be impoflible to calcine gold, or to 
render it potable, have produced 
this account as containing a proof 
of the want of veracity in the facred 

hiftorian. Both fides feem to be in 
* * 

an errors Stahl and other chemifts 
have fhewn that it is poffible to make 
4 gold 
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gold potable, but we have no rea- 
ion to conclude that Mofes either 

G 

ufed the procefs of Stahl, or any 
other chemical means for effc&ing 
the puqjofe intended — he took the 
calf which they had made , and burnt it 
in the fire, and ground it to powder, and 
Jlrewed it upon the water , and made 
the children of Ifrael to drink of it *. 
Here is not thesdlaft intimation given 
of the gold having been diffolved, 
chemically fpeaking, in water j it was 
ftampedand ground, or, as the Arabic 
and Syriac verfions have it, filed into 
a fine dull, and thrown into the river 
of which the children of Ifrael ufed 
to drink : part of the gold would 
remain, notwithftanding its greater 
ipecifie gravity, fufpended for a time 
(as happens in the walhing of cop- 
per 


* Exod. xxxii. 20. 
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per and lead ores), and might be 
fwallpwed in drinking the water; the 
reft would fink to the bottom, or 
be carried away by the flux of the 
ftream. 

Neverthelefs, though nothing fa- 
tisfa&ory can be concluded concern^ 
ing the Egyptian chemiftry from 
wh.it is faid of Moles in this in- 
ftance, yet the ftru«^ure # of the ark, 
and the falhion of AJron’s garments, 
clearly indicate to us that the arts of 
manufa&uring metals, of dying lea- 
ther red, and linen blue, purple, 
and fcatlet; of diftinguilhing preci- 
•ous Hones, and engraving upon them, 
were at that time praftifed in a very 
eminent degree*; The Ifraeiites 
had unqueftionably learned thefe 
arts in Egypt, and there is great rear 

fon 


* F.xod. xxvi. and xxviii. ■ 
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fan to fuppofe not only that learning 
of every kind firft fiourilhed in 
.Egypt, bin that chemiftry, in parti- 
cular, was much cultivated in that 
-country, when other fcienees had 
paffcd into other parts of the world. 
Eliny, in fpeaking of the four period* 
learning which had preceded the 
times in which he lived, reckons the 
Egyptian the firft: and Suidas, who 
:is thought to hive lived in the tenth 
century, informs us that the Empe- 
ror Diocletian ordered all the books 
! ,©f chcmiftry to be burned, left the 
Egyptians learning from them the 
. art of preparing gold and filver, 
.fliouldthence derive refources toop- 
1 pofe the Romans*. It is wprthy of 
notice that Suidas ufes the word 
xhcmiftry in a very reftri&ed fenfe, 

when 


* Lexicon, Vox 
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when he interprets it by— me* pre- 
paration of gold and filverj — but aH 
the chemifts in the time of Suidas;* 
and for many ages before and after 
him, were alcherr.ifts. The edid of ■ 
Diocletian in the third century, had;;.' 
little effed in repr effing the ardour? 
for this ftudy in any part of the; 
world, fince we are told that not 
lefs than five thoufand bqoks, to fay ; ; 
nothing of manuferi^ts, have been 
publifhed upon the fubjed of al- 
chemy fince his time *. 

At what particular period .this 
branch of chemiftry, refpeding the. 
tranfmutation of the bafer metals 
into gold, began to be diftinguilhed 
by the /iame of alchemy, cannot 
be deter/pined. An author of the 
fourth century, in an aftrological* 

work 


* Chem. Waller, p. 40. 
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.work, fpeaks of the fcience of al- 
chemy as well underftood ^at that 
time ; and this is faid to be^the firft 
place ia "Which the word alchemy is 
ufed*. But VoUius aflerts that we 
ought, in the place here referred to, 

inftead of akbemia to read cbemia f : 
* ' 

c be this as it may, we can have no 
doubt of alcbemia being compound- 
ed of the Arabic al (the) and cbemia, 
to denote excellence and fuperiority, 
as in al-manack, al-Itoran, and other 
words. Whether the Greeks in- 
dented, or received from the Egyp- 
tians, the dc&rine concerning the 
tranfmutaiion of metals, or whether 
the Arabians were the firft who pro- 
fefled it, is uncertain. To change 
* iron. 

t < W 

* Jul. Fermi. Mater. Aftronomicon. Lib. 

IILc. i S . 

‘ f Voff. Etymo. Vox Alchemia. 
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iron, lead, tin, copper, quickfilver 
into gold, lee nos to be a problem 
more 4ikely to animate mankind to, 
attempt its folution, than either that 
of fquaring the circle, or of finding 
out a perpetual motion ; and as it 
has never yet been proved, perhaps, 
never can be proved to be an •impoj- 
fible problem t it ought not to bd 
eflcemed a matter of wonder, that , 
the firft chemical bqok? we meet 
with, are almoft intirely employee! 
in alchemical inquiries. 

Chemiftry, with the reft of the 
fciences, being banilhed from the 
other parts of the world, took re- 
fbge among the Arabians. Gebcr 
in the fevernh, or as feme will have , 
it in the* eighth, and others in the 
ninth century, wrote feveral chtsmi- 
cal or rather alchemical books ja 
Arabic. In thefe works of Geber 
vol. i* B iuc- 
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are contained fuch ufefui dire&ions 
concerning the mariner of conduft- 
ing diftillation, calcination, Subli- 
mation, and other chemical opera- 
tions, £nd fuch pertinent obferva- 
tioris refpe&ing various minerals, as 
juftly feem to entitle him to the cha- 
jafter, which fbme have given him, 
of being the father of chemiftry; 
though, in one of the moft celebrated 
of his wor1ts,»he modeftly acknow- 
ledges himfelf to have done little 
elfe than abridge the doftrine of the 
.ancients concerning the tranfmuta- 
tioriof metals'*. Whether he was 

pre- 

* Totaiu noftram metal] arum nanfmn- 
tahdoriim feientiam, quam ex libris antiona- 
rum pbUofophorum abbreviavimus, compi- 
lations divert, in noftris voUuninibn?, hie 
* in warn fummam redegimus. Gcbri Alch. 
«ap. i. edition by Zetzner itf 1512. 5 b 
T ancken’s edition in 1681, the words me- 
tmnfinutan^rum are 



C 15 . ) 

preceded by Mefue and Rhazes, or 
followed by them, is not in the pr$~ 
fent inquiry a matter of much im- 
portance to determine, fince the 
forementioned phyficians, as well as 
Avicenna, who, from all accounts, 
was pofterior to Geber, Ipeak of 
many chemical preparations,* and 
thus thoroughly eftablilh the opi- 
nion, that medical chemiftry, as well 
as alchemy, was in tbofe* dark ages 
well underftood by the Arabians. 

Towards the beginning of the 
thirteenth century Albert the Great 
in Germany, and Roger Bacon in 
England, began to cultivate che- 
miftry with fucccls, excited there* 
to, probably, by the perufal of fiwttc 

Arabic books, which about that 
• * 

time were trandated into Latin. 
Thefe two monks, efpecially the 
B 2 latter, 
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hctcr, feem to hare as far exceeded 
the common ftandard of learning » 
the age in which they lived* 4s any? 
philosophers who have appeared in 
any country either before their time 
& fince. They were Succeeded in 
„he fourteenth and fifteenth centu- 
ries, By ». great many eminent men 
*Wth of our own country and fo* 
reigners, who, in applying them- 
Selves to Slchemy, made, inciden- 
tally, many ufcful difcoveries in va- 
rious parts of chemiftry: fuch were 
Arnoldusde ViUa Nova in France i 
our countryman George Ripley > 
Raymond Lully of Majorca, who 
firft introduced, or at leaft moic 
largely explained, the notion of an 
univerfai medicine ; and BTafile \ a- 
lentine, whofe excellent Book, rou- 
ged Currtts Antimemi triumpkalis, has 
Contributed . more than any th.ng 



c « ) 

elfe to the introduction of that mofl: 
ufeful mineral into the regular prac- 
tice of moll phyficians in Europe; 
it has given bccafion alfo to' a va- 
riety of beneficial, as well as (a cir- 
curfiftance which might be expe&- 
ed, when fo ticklifb a mineral fell in- 
to the hands oF interefted empiric^), 
to many pernicious nojtrums. Ifo 
this, rather than to the arrogant fe- 
verity with which Bafile Valentine 
treats the phyficians his cotempora- 
ries, may we attribute the cenfure of 
Boerhaave, who, in fpeaking of him, 
fays, “ he erred chiefly in this, that 
he commended every antimonial 
preparation, than which nothing 
can be more foolilh, fallacious, and . 
dangerous ; but this fatal error has 
infe&ed every medical fchool from 
that time to this*." The 

* Boerh. Ch. Vol. I. p, iS. ' . . 

B 5 
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The attempting to make gold or 
filver by alchemical procefles. had 
been prohibited by a conftitution of 
Pope John the XXlId. who was ele- 
vated to the pontificate in the year 
1316*1 and within about one hun- 
dred and twenty years from the death 
of Friar Bacon, the„nobility and gen- 
try of England had become fo infa- 
tuated with'*th£ notions of alchemy, 
and wafted fo much of their fub- 
ilance in fearch of the philofopher’s 
ftone, as to render the interpofition 
of government nccefiary to reftrain 
their folly. The following aft of 
parliament, which lord Coke 1 calls 
the Ihorteft he ever met with, was 
pafled 5 H. 4. None from hence- 
forth £hall ufe to multiply 1 gold or 
filver, or ufe the craft of multiplica- 
' tion, 

* Kirch. Mun. Sub. L. xi.'Sedt. iv. c. i. 
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tion, and if any the fame do, he lhall 
mcur # the pain of felony.*’ It h^» 
been fuggefted, that the reafon of 
paffing this ad was not an fcppre- 
henfion left men fhould nun their 
fortunes by endeavouring to make 
gold, but a jealoufy left government 
ihoold be above asking aid of the 
fubjed. “ After Raymond Lull)*, 
and Sir George Ripley, ^had fo large* 
ly multiplied gold,* the lords and 
commons, conceiving fomc danger 
that the regency, having fuch im- 
menfe treafure at command, would 
be above afking aid of the fubjed, 
andUnight become too arbitrary aocl 
tyrannical, made an ad againft mul- 
tiplying gold and filver V’ This 
ad, whatever might be the occafion 
of paffing it, though it gave fonie 
B 4 ob- 

* Opera Mineralia ejeplicata* p. io# ; 
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Obftru&ion to the public esfcrdfe of 
ikhemy, yet it did not care the dif- 
pofmoti for it in individuals;, nor re* 
move the general credulity } for ia 
foe 3$ JH. 6. Uttew Patpnt were 
grated, to fevcral people, by which 
d^ey were permitted to inveftigare an 
waivcrlal medicine, and to perform 
tfie tranfmutatioo of metals into real 
gold and filver, with a non-obftante 
' «f the forementioned ftatute, which 
remained in full force till- the year 
1 689, when being conceived to ope- 
rate to the difeouragement of the 
meting and refining of metals, it was 

• formally repealed*. # 

> The 

* Mr. Boyle is faid by his littered to have 
procured .the repeal of this lingular ftatute, 
v and 1 ,. to have been probably induced thereto, 
ia coiifequence of his having been perfuaded 

the pollibility of the traafmutation of me- 
tjila into..: gold. See hi* fife prefixed to the 
folio ed-of his works, p. 83. 
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The beginning of the Sxteeathi 
century was. remarkable for a great';;:' 
revolution produced in the Eu*Q*i 
pean pradice of phyfic, by means bfh- 
chemiftry. Then it was tha* Farit-; • 
celfuSj foMowing the fteps of BafiJt?V 
Valentine* and growing famous 
curing the venereal difcafe, the lojf 
profyj and other virulent 4iforder^; 
principally by the means pf 
rial and antimonial • preparations : 
wholly rejeded the Galenical phar- 
macy, and fobftituted in its ftead the 
chemical. He had a profelTor’s chair- 
given him by the magiftracy of B&- 
fil, wap the firft who read public Iefc-: 
tures in medicine and chemiftry, ^ 
and fubjeded animal and vegetable ;; 
as well 24 . mineral fubftances totn.^ 
examination by fire. , : 4 

It fekfom happens that a man of f 
but common abilities, and in die *. 

mb£b 
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rnoft retired fcenes of life, obferves 
fueh a Arid uniformity of conduft, 
as not to afford prejudice and par- 
tiality fuffitient materials for draw- 
ing htfcharader in different colours; 
but fuch a great and irregular genius 
asParacelfus, could not fail of be- 
■ coming "alike, the, fubjed of the ex- 
tremes of pancgyrick and fatire. He 
has accordingly been efteemed by 
■fome, a fecond Efculapius ; others 
have thought thathewas poffeffedof 
mow impudence than merit, and that 
his reputation was more owing to 
-the brutal Angularity of his conddd, 
thantb the cotes he performed. He 
treated the phyfic'uns of his time, 
with the moft fottflh vanity and il- 
liberal Infolence ; telling- them, that 
the very down of his bald pate had 
more knowledge than all their wri- 
>1- ‘ ■ ters, 
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ters, the buckles of his fhoes more 
learning than Galen or Avicenna, 
and his beard more experience than 
all their univerfities*. He revived 
the extravagant dodrine of 1 Ray- 
mund Lully, concerning an univer- 
fal medicine, and untimely funjt into 
his grave at the age of forty-fevciv 
whilft he boafted himfelf to be in 
poflcffion of fecrets able .to prolong 
the prefent period of "human life to 
that of the Antediluvians. 

But in whatever eftimation the 
merit of Faracelfus as a chemift may 
be held, certain it is, that his fame 
excited the envy of fome, the emu- 
lation of others, and the induftry of 
all. Thpfe who attacked, and thole 
who defended his principles, equally 

promoted 

* Preface to his book entitled Paragramira* 
where there is more in the fame, ftjrle# 
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promoted the knowledge of cbe- 
ndftry ; which from his tiny:, by 
attracting the notice of phyficians, 
every where to be fyftemati- 
caUy treated, and more generally 
under ftood. 

Soon after the death of Paracelfus, 
jrhich happened in the year 1541, 
the arts of mining and fluxing me- 
tals, which had been praftifed in 
moft countries from the earlieft 
times, but had never been explained 
by any writers in a fcientific man- 
ner, received great illuflration from 
the works, of Georgius Agricola, a 
Ger man phyfretan. The Greeks and 
Homans had left no treatifes worth 
mentioning upon the ftdajedt, and 
though s hook or two had, appeared 
ip .the German language, and one in 
the Italian, relative to metallurgy, 
£ before 
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before Agricola publifeed his twejff 
books De Re Metallka, yet he if 
juftly<fte«med the feftauthor of r& 
putscion in that branch of cheouftrf, 
Lazarus Erckern (aiTay- matter 
general of the empire of Germany) 
followed Agricola in the feme purw 
fuie. His works were firft pnbbfe- 
ed at Prague in 1574, and an Eng* 
life tranflarion of them by Sir John 
Petrus, came out at Loodon in 
1683. The works of Agricola and 
Erckern are ftill highly efteemed, 
though feveral others have been 
publifeed, chiefly in Germany, upon 
the fame fubjeft ftnee their time. 
Among ft thefe we may reckon 
Schindler’s Aft of Affkying Orca 
and Metals; the metallurgic works 
of Orfchall ■, the works of Henckdl ; 
of S clutter* of Cramer ; of Lehman; 

and 
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and of Gellert. Germany, indeed, 
has for a long time been the great 
fchool of metallurgy for the reft of 
Europe; and we, in this country, 
owe the prefent flourifhing condi- 
tion of our mines, efpecially of our 
copper mines, as well as of our brafs 
manufa£bry, to the wife policy of 
fcjueen Elizabeth, in granting great 
privileges to D^iiel Houghfetter, 
Chriftopher Srhutz, and other Ger- 
mans; whom (he had invited into 
England, in order to inftruft her 
fubje&s in the art of metallurgy. 

It was not, however, till towards 
the middle of the laft century, that 
general chcmiflry began to be culti- 
vated in a liberal and philofophical 
manner. So early as the year 1645 
feveral ingenious perfons in*London, 
ift order to divert their thoughts 

from 
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from the borrorS of the civil' "w^r 

which had then broken out, : had 
formed themfelves into a focwtyy 
and held weekly' meetings, inwhteh 
they treated of, what was thencailed, 
the new or experimental philofo- 
phy. Thefe meetings were conti- 
nued in London till the eftablifh- 
ment of the Royal Society in 
and before that' time, bry die re- 
moval of fome oPthe original mem- 
bers to Oxford, fimilar meetings 
were held there, and thofe Rudies 
brought into repute in that univer- 
sity. Mr. Boyle, who had entered 
upon his chemical Rudies about 
‘the year 1647, was a principal per- 
fon in the Oxford meetings: he 
publiflitd at that place his Scepti- 
cal Chemift, in 1661, and by his 
various writings and experiments 
1 greatly 
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greatly contributed to the intro- 
ducing into England^'a tafte for ra- 
tional chemiftry.. 

■ Next to Boyle, or perhaps before 
him as a chemift, (lands his cotcm- 
porary * the unfortunate Beecher, 
whole Pbyfica Subterraneai juftly in- 
tided ,epus fine pari, was firft pub- 
Kftied in 1669.. After having fuf- 
fered various persecutions in Ger- 
many, he came #cr into England, 
and died at London in 1682, at the 
age of 57. He refided fome time be- 
fore his death in Cornwall, which 
he calls the mineral febool, owning 
that, from a teacher, lie was. there 
become a learner, tie was (.he au- 
thor of many improvements in the 
manner of working mines/ and of 
fluxing metals; in particular he firft 
introduced into Cornwall die me- 
thod 
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tfiod pf fluxing tin I # of 

flame of pit-coal, ifi&ttd of wood 
or charcoal # 4 

Lemery’a very accurate oawfe 
of prafifcical .chemiftry appeared itt 

* BccAer wrote hh w Ahihabctfium M?WK 
rale, at Trow in Cornwall, in *68|, tM 
long before hie deatfi. In hie dedkfltta M 
this trafl to Mr, Bvyfaglie h*$ the follow^g 
words : — f< ignis ufas, op*, fiaramamm li- 
thantracum liarmum et mineralii fundendi* 
rornubiae ha&eana incognituB, fed a toe la* 
tiodu&us.”— ' This account which Becchrr 
grve$ oji him&lf, is not quite agreeable 
wljut h advanced by an author every way 
«|UaUfud to tome at the truth of tills mat- 
ter . — “ Nectfiky at laft foggefttd *tjid la* 
troduAion of ptt^coal for the fmdtingof tin 
orr i and among others, to Sir Br\d Gran* 
ulle ut Stqv w this county, temp. Can ft 
w}w made feveul eapenmentf., though with 
out fiiccefo; neither did tint cfFeAual {melt- 
ing of tin ore with pit-coal, take place till 
the fecond yew of Queen Anne ” Pryce'a 
Myier. Cotnub. p. 282* 

\ot. 1* C 167^ 
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*67$. Glauber’s works had been 

times, from 
i to i(56i, when his; tra&,,.ent>- 
Ehiloiophical- furnaces, , ; came 
'ifht a; Amfterdam. Kutickel died 
'lh' Sweden in t^a^he bad prac* 
ukd chemillry for above 5o-year?, 
under the aufpiceaof the elector of 
Saxony, and of Charles XI; of Swe- 
den. He wr&te His chemical obfer- 
vatioos in the German language, 
but had them translated into Latin 

4 K 

in the year 16775 the translation is 
dedicated by its author to our Roy- 
al Society* They were afterwards 
transited into Englifh in 1 704* 
•Having had the fuperintendency of 
Itveral glafs-houfes, be had a fine 
opportunity of making a great va- 
riety of experiments in that way 5 
apd I have been informed by our 

ena- 
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•enamdlers, and makers of artificial 

i i 

gems, that they can depend more 
upon th<* procef&s and obfervationfs 
of KunCkel, than of any other -author 
upon the fame fubjed. The chemi- 
cal labours of thefe and many other 
eminent men, too numerous, to med* 
tion, were greatly forwarded by the 
eflablifhtnent of federal locieties, 
for the encouragement of natural 
philofophy, which took place in 
various parts of Europe about that 
period. 

. The Philofophical Tranfaftions 
it London^Jthe Hiftoire de i’Aca- 
demie Royale des Sciences at Paris, , 
the Saggi d’Efperienze di Acad, del 
Cimento’ at Florence, the Journal 
des Scavans in Holland, the Ephe* 
merides Academia? Naturae Curio*-, 
forum, in Germany, the Ads of the 
C z Academy 
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'^cadptnf;^ Copenhagen, and due 
35fyd«<»«i» a* Leypfic ; all ’ 
thcfe yforiks began*!© .be pabK&ed 
twenty years 
fmok a $6j,wfe«n, ©nr -Royal So- 
ciety feft^t i^e |wnjpJ«, by put* 
Bhilyfj^ihteal Tijtnfsc- 
tions. ,;' : To dtef? may be added, the 
works of the Academies «f Berlin, 
Peterfborgh, « Stockholm, Up&l, 
flononia, Bourdeaux, Montpelier, 
Gottingen, and of feveral others 
which have been eftablifhed within 
, die courfe of -the prefect century. 
Near a thooiand yokfggp have been 
pubHflied by thefe legated ibeseties 
within left than is© yesfa. ' The 
^wnber ©f fads which are sbetein 
.related refpediog chemiftry, and 
:: every other branch bf natural philo- 
f lophy, is exceed ingly great; but the 

fubjeft 
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fubjefl: is ftill -grellerj and ttwft for 
ever r'tlic'ifcaiiwfli. V 

raceto adiauft it' * 5 Wet! , did fc^rd , ■ ’ 
Bacon compare natural pftiytolai^Jr » 
to a pyramid 1 Its bofts W ioS^ Ums 
hiftory of 
a-littlp and 

•its (bp «» '’ .. 

-among 

Mbitb Gedmarhth frgM^be faghmiltg 
to tbs tnd^ infinite and infcrtttabfe 
BX the light which hasbeen 
incidentally thrown upon * various 
parts of chemiftry from thofe raft 
undertakings of public focieoe%as 
■well as fraftt 4he more expreft la- 
bours of Stahl, Newman, Hbffiuan, 
Juncker, Geoffry, Boerhaave, aipdiaf 
many others equally worthy ^ com- 
mendation; by the ttheoretic eon* . 
clufions and Tyftematic divifions 
C 3 . which 
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*hich HaVe been introduced into it; 
from the diddlic manacrin w*hich 
the duQeavf* of this arc have been 
irj%ufl^ in every medical fchooli 
dwtpMhy has quite changed its ap- 
pearance. 'It, is ito longer confi- 
dered , Merely in; a medical vierf. 
Dpi reftri&ed tp feme fruitlefs ef- 
forts upon metals $ it no longer ^at- 
tempts to impofe upon thecredulity 
of the ignorant, nor affirms to afto- 
niih the fimplicity of the vulgar by 
its wonders, but is content with ex- 
plaining them upon the principles 
of found philofophy. It has lhaken 
off the opprobrium which had been 


thrown upon it, from the -unintelli- 
gible jargon of die alchcmifts, by 
revealing all its fecrets in a lan- 
yt as clear and as common as the 
lure of its fubjetts and operations 
|nit. Con- 
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.Coiifidcred as a branch of pt$i';/ 
ficks/chemiftry is but -yet m itsiii-' • 
faacyu - M»«rw«r, the muttid 
larion - and unwearied endeavours 
of fo many, eminent men as arein 
every part of Europe-engaged utils.- 
cultivation, will id a little time '&%$.'■ 
der it equal to ahy part of natum 
pfcilofophy, in the dearnefs and 
iidity of its principle?. In the uti- 
Iky refulcing to the public from , 
its condufioiis, with refpc^. to the 
practice of medicine, of agricul- 
ture, arts and mandfa&urcs of every 
kind, it is even in its preicnt ftatc 
inferior to none. 

The pfes of chemiifoy, not only 
iii the medical, but in every econo- 
mical art, are too extenfive to'be 
enumerated, and too notorious to 
•want illuftratronj rit rriayjuft be ©Ik' 
C 4 fewidi 
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' ferved, that a variety of manufac- 
tures, by a proper Spptieatibn of 
chemical principles, might, proba* 
blyj^^rougbt at a left ftiipence, 
and executed in a better manner 
than they are at prefent. But to 
this improvement tbcte are kftpev 
dirhems tin tvcrf Hand, which can- 
not eafily be overcome. Thofe who 
bytheir fituadons in life are re- 
moved from any dcfign or defire 
of augmenting : their fortunes by 
miking tlifcovcries in the chemical 
arts, will hardly’ be induced to di- 
minifo them by 'engaging in txpen- 
five experimental inquiries, which 
not only require an uninterrupted 
attention of mind, but are attended 
with the we&rifomenefs of bodily la- 
bour. It is not enough tb employ 
opemdsifuhis bufinefs; anspnmufr 


■blacken 
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blacken , bis ^wa bands with char- 
coal, Be muftfweat oyer the furnace, 
and. inhale many * noxious vapour 
before he. pan become * checntft-i 
On the other hand, the arciftathem- . 
felves are generally illiterate, timid* 
and bigoted to particular modes of , 
carrying on - their refpe&ive opew£r 
tions. Being unacquainted with tbe* 
learned, or modern, languages, they 
feldom know any thing of new dif- v 
coveries, or of the methods of freak- 
ing pra&ded in other countries. De- 
terred by the too frequent, but 
much-to-be lamented examples of 
thofe, who, in benefiting the public 
by projects and experiments, hare 
ruined themfelves, they are unwil- 
ling to incur the lead; expence in 
making trials, which are uncertain 
with refpeft to profit. From this ap* . 
4 ftrchenfio% 
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rprehenfion, aswell as from the myf- 
teriousmannerin which moft arts, 
before ?tbe invention of printing, 
and many ftillcontinueto'be taught, 
they acquire a certain opinidtretf, 
which effectually hinders them from 
( making improvements, by depart- 
ing from the andent. traditionary 
precepts of their art. it cannot be 
queftioned, that the arts of dying, 
painting, brewing, drftilling, tan- 
ning, j, of making glafs, enamels, 
porcelane, artificial ftone, common 
fait, fal ammoniac, falt-petre, potafh, 
fogar, and a .great variety of others, 
have received much improvement 
from chemical inquiry, and are ca- 
.pfbk'of receiving much more. 

Metallurgy in particular, though 
-one of the moft ancient brahches of 
«chemjftry, affords matter enough for 

' new 
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new difcovenes. There are 
many combinations of metalswhich 
have never been made ; many 'W 
which, however, might be anad^ 
and in fuch a variety of proportions^, 
as, very probably, would furnilh uS^ 
with metallic mixtures xpotc 'jer* .. 
viceabie than any Tn ufe. The mi?' 
thod of extrading the greateft^Sof- 
fible quantity of flnetal^rom a given 
quantity .Of the fame kind of 'are;'; 
has, perhaps, in rto one inftancefeeen'. 
afcerui'ned with Tufficient precifion. 
There are many forts of iron and 
copper ores which cannot be con- 
verted into malleable metals, with- 
out much labour, ^nd a great ex- 
pence of fuel; ir is very probable, 
that by a well- concluded ferTes of 
experiments, more Compendious 
ways of working thefe minerals 
7 might 
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mi & H« be fouM out. ? In our own 
times three new metallic fobftance* 
bail rp been diftmrered*, ani &**■ 
properties abundantly afcertained 
by e*j&runeat; and it may reafon- 
i^yiecwgtadred, that fcture e*- 
pwience will , yet' augment their 

number* Till Mayggraaf fhewed the 

■y pan^ ier of doingit, no metallic fub- 
jEbmee could j?c ,e*tra$ed from ca- 
lamine, and all Europewas fopplied 
jdt ziflt'f’ either from India or 
*from Germany. A manufa&ory of 
tbu metallic fubftance has not many 
years ago been eftabiifhed in our 
-own country, and the -copper works 

-near Bcillol have -fupplied Binning* 

* ' ham 

• * Pbtiaa, Regulas of Cobalt, Nickel. 

jl zi n c U a metallic fubOance of tbe cobur 
©F lad i when mated with copp*r, it conRi- 
%'tntea teafi, pinchbeck, and other metallic 
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ham with zmc extracted from e*» 

1 amine. Black-jack vm not long. 
fince employed in Wales for mend* 
ing the roads; its value is not yet 
generally known in Derbyshire j but 
it* is now weU underftood by feme * 
individuals to anfwer the purpofe^df 
calamine be die disking of halls 4 '. 
Monf. Von Swab in 143I was, I be- 
lieve, the firft perfon who diftilled 
zinc from black-jack f ; and a Work 
which he ere&ed, probably gave the 
hint to the eftablilhere of* our £ng- 
lilh manufactory : indeed, I have 
been well informed, that they pur- 
chafed the fecret from him when he 

was 

• 

* The cobalt ores in Hefle, which at pre* 
fent produce a nett profit of about .14*000!. a- 
year, were Formerly ufcd for the fame purpofe 
at black-jack was lately in Wales*— Bora's 
Travels by Rafpe, Pre. x»i. 

+ Cronftcdt’s Miner. See. *31. 
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■was in England. The various kinds 
of black lead, from which neither 
tin nor iron can at prefent be pro- 
cured to advantage; die murtdicks, 
fOmc cobalt ores, cawk, kebble, and 
other # mineral fubftances, which .are 
now thought to be ufelefs, may forrve 
time or other, perhaps, be applied 
'‘CO good pvrpofe. Cawk and kebble, 
which are found in great quantities 
in mining countries, cfpecially in 
Derbyfliire, and which are umver- 
fally thrown away, may, perhaps, 
be nothing but different kinds of 
fpar, and deftitute of all metallic 
matter*'; yet it may not be impro- 
per to remark, that the external ap- 
pearance of the yellowifh cawk is 
' t molly fimilar to that of. calcined 

black- 

* -See* Mr. Woulfc's ingenious Experiments 
in PU3ofA’ranf--i779, p, 15. 
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fame weight a* Matk^k may- a^'i 
, pear from the annexed table r r : '!« '■; 

, Weight of ar ctibkr foot of- . 

White cawk. 40471' ' : 

Yellow cawk 41 12. r v 
Kebole 431 aVoir4up. O|; 

Black-jack 4003 1 , ^ 

Water •. ioooJ 

In a word,, the improvement of * 
metallurgy,, and the other mechanic 
arts dependent on chcrmftry, might 
beft be made bythepubficeftabiifh- 
ment of an Acadf my,<tbe labours of 
which fhould be, defttned to that 
particular parpofe. The utilityof 
fuch eftabliihmcnta haa been expe- 
rienced m Saxony and other plates V 
and as mines and manufadures are 
to the full as important to us, as to 
any. other European ftate, one map. 

" . ‘ / hope. 
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hope* that the cpaftituting a 
Ml Ac&deny may, in times of peace 
and tranquillity, become an objeft 
not unworthy the attention of the 
King or the Legiflatorc of the 
Britifb nation*. 

' * The reader wti» r wHbes to become acre 
fatly, Acquainted with the hiftoty of chemifcty, 
tnty wnfult ^wkatBorrichms has laid in hi* 
Diflertttion de 6-rtu et IVogreffu Chemise, pub- 
lished at Copenhagen in 1668 $ and in his 
book entitled Hennetis, JEgyptiorum, <t Che- 
raicomm Sapientia ab'Hermanm Cosriugu Aiti- 
madverfionibus vindicate, pubiifhtd at the 
lame place in 1674. He will alfo find fome- 
thing worth hi& notioe on this fafejcd in Boer- 
haave , » ChewHby } and in a woik of Walte- 
riu8jfC?ltod, Chemi* Fbyfiew Fare Ppgia, pub- 
Hied at Stockholm in 1760 •, where there is 
an nfeh'l catalogue of thf moft approved 
writers on the various parts of chemiHry. 


\ 
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ON THE PRINCIPAL TERMSANJJ.OPgy 
R AT IONS CSEE IN CHEMISTRY. *, 


T HIS Eflay, in which I^meim . 

to give a general account*^ 
the principal terms and pperatrong' 
ufed in cbemiftry, will, perhaps. Be' 
more troubieforne to the reader, than " 
any otliierwhichl fhalJ haveoccafion , 
to write: but he' muft not be dif- 
couraged, nor conceive a difgirft 
againft the fcience itfeif, from an 
inconvenience nrceffarily attending 
all fcien<;es. C hem dixy has as few 
technical perms belonging to it, as . 
navigation, law, medicine, or any 
other art dr fcience, which may have 
vol. i. D chanced • 
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chanced to engage his attention. 
The more ancient chemifts, indeed, 
■were fond of coining abftruft terms, 
■and frequent in the ufc of them; 
but ,th*is affedation is, at prefent, 
pretty generally and very juftly ex- 
plode^. 

SOLIDITY AND FLUIDITY. 

.Though, <*jn philofophical pro- 
priety of’fpeech, water be as folid a 
body as a diamond, yet in th&com- 
mon acceptation of the word foii- 
dity, we connder it as oppofed to 
fluidity. Natural phiiofophers have 
agreed to call that principle, bv 
which the conftituent parts of fiones, 
glafs, metals, and other iubftances 
cohere together. Attraction. They 
iiluftratc the agency of this princi- 
ple, by a variety of decifive experi- 
ments ; 
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ments ; decifive as to the proof of 
the exiftence of fuch a power, bUt 
indicating nothing at all of the caufe 
of it. As the unknown grincipie 
of mutual attradion between the 
conftituent parts of folid bodies, is' 
the caufe of their Jalidity , falhe un- 
known principle of fire, is thex|drf!e 
of their fluidity. I call the princi- 
ple of fire unknown, bac&rfe, though 
its effects are fufficiently manifeft. 
the caufe of it is wholly queftion- 
able. -But in whatever manner fire 
may be fuppofcd to exert its agen- 
cy, it feems to be the great inftru- 
ment of fluidity upon the furface of 
the earth. Without a certain degree 
of heat,’ water, fpirits of wine, oil, 
quickfilver, and perhaps the air 'it- 
felf, would be converted into folid 
bodies; and with a certain degree. 

n a of 
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d .heat all fluid bodies w 
changed into, elaftie vapours, and all 
folk bodies would either be wholly 
diffipated, or in part diflTipated r 
|a part* convened into fluid glais. 
iiefc are extreme cafet,, to winch 
inmMr* ««**' obnoxi ° H ‘ > 

w ciim«« 4« foJW. .<>»« *“ “ 

,b»£ds whh,*a«**t>a <1** * flu1 ' 

4»V"“> “S' 1,11 »“ be * n d " C0 ‘ 

* 5 ^. fa cold, hut that the air and 
*e Wood, of atpatic xnirpals at 
leafl, continue fluid in it. 

f, ’ 

I** VOLATlilTY ANO nXITY. 

? t. /’ J ' ■ i ' , \ <1 * ‘ ■ « 

■vTfee changes, .produced in bodies 

by the aftioa olflro are various, ac- 
* eording to the cooflkution of the 
bodies themfelves, and the degree 

jof heat to which they are .expofed. 
Soffie bodies, in acertaindegree of 
• hear, 
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hear, may be wholly difiipated, otf« i * , | 
only rn part, pfHeiii not at all;,’ 
the fame degpei e of heat wh-kh^ili 
inti rely diffipatecarnphor, and 
vert water intb * 

produce a. partial difperfion of -iBc [ 
canflittient principles Of turpentine. 


bloody «r ni'iUc ; # and will not eflpdfe 
any change or diminution of 'Jpgbfi - 
in feveral woods, rrjjttls, earths, 
falts, and oils. Thole bodies wfaielk 
by Ixeas fufFer nod imfoftu on of their ' 
weight, are faid to be fixed , apd thole 
which do lofc of their weight, are 
faid to be volatile ; and they are faid : 
'to be more or lefs volatile, aceOrding 
as a lefs or a greater degree ofiieat 
is requlfite for producing a fepara- 
tion^of *their parts. It is obvious, 
that volatility belongs. to moll bo- 
dies,, fol id as well as fluid ; fince the 
’ * 

..63 ■ heat ’ 
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beat of the atrnofphere is fu€ident 
to <Hitiiniih the wei^nof many, and 
icatioos of fuperior de- 
t, that df , mahy. mike : 
fa Hit eertaip, whether abfo- 
\pe fxity bclongs tp any bpdyia na- 
ture, fijice the famc,body which ,is 
fijtpd in one degred of heat, tu|iy be- 
co|^yolataejin aqryfrtr dW dia- 

Mipall degree of heat,raay be wholly 
diffipfted vseffe^; by ^gyeat- 

er;, arid gold, which ban reGft the 
rno^, violent fires excited in our fur- 
. n^ed^i Without Ifcfing any thing of its 
.weight, tftaynot be able to full a in 
the fiercer a&ipn of the folar rays, 
when united in the focus of *a large 
b.«im|r^gialt ? ._ ( ' « , 

pfibodies is- not, in pro- 
porq^o tKeh' • for a dia- 




'&gfie ! df : ! hea|';^fech_ 

V0||N| 

tn^odS''^ti4^i^i^/ !, :tt»’'^c ^urtfe’ -*«il 
■fix ’ d^ioriiwr, 7 iiito 

time the veiK^'^eiftafeen d&t'fif ‘flfife’; 
iir* «nd ! ^Se^'%^^ttiere;'^^ibt; 
remaining the !&& yeftige ofdfe 
diamonds, the !#h'<)k ! hdfd beat jdftSrv 
paced j but th& rubies 
‘have undergentT no fort m ci0§$ 
either with refpefi: ecr colour, 
or weight*. -■",/ ^ --i^' 


* f Sef‘M&g&Bn d^ Hambourg,* i^jL;l$&. 
p. 164. or an extra& in the lKrtcS'aane*^ to 
Henckel’s WorWpeNj&eAat Paris »;.#$& 
VoL II. p. 4i^.~SSaBaar experitw^e haye 
■ ®4 ■’" hMf 
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foljd tfr fluid bodies Mer 
if <$pkijg)jpt of their weight, the * 
parts wmcfTbecome volatile atuTfly 
awtfj arefaid to be evaporated, vola- 
UHsud^e)cbaied t for tb«e $ rot terms 
mkyfoen ufed prorrfifcuoufly, though 
l(yMd b ^an cafy fatter to diftm- 
glulh them. The parts thcmlelvea 
ate cither humid, fuch are thofe 
which are fepara^d frpm ail fluids 
(excerpt quickfiiyer), and the wttery 
pimte of foiid bodies^ or they are 
dry; fuCh are the Volatile- parts fepa- 
tated from tnirhte or chalk, during 
tholrUfftins of lime,' from volatile 

falts, 


ktghjf beta made- an fmtfti 8w <3>jfi itk far 
^fljOTpti^Vp], p. i«g. Agoodtnnflatioa 
pf tl&jnacSent work is gpda wanted. 
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. fal», and wfitts Ot various kinds, $gg 
the Wat of the ^mfykett. *W0 
term#, evaporation, pea., as fiijtyfe" 
indicating a lofs t»f 

* applied to both. Evapon^jftgi'foc 
iblely cffb&ed by the ^ 

hcati'ftrong dry winds„ia Cokf H©f» 
ty weather, ate often mote poweiJft*| 
agents in promoting the evapo^at^ 
; of water and other fluid^ than die 
greateft heat of the fun in ft^nnfttMs^ 
The&perficial parts of fluids afedip, 
only ones which are evaporated ei- 
ther by heat or air j and hence* in 
fimilar circumftances, die q^ntity 
evaporated, in any definite 'portion 
of time, will be greater as the^ far* 
face of the fluid is greater. For this 
reafoi\». life pins in which brine » 
boiled for the making of * fait, and 
che pits, in which lea water is eva- 
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grated by the nnd »ir for the 

•fame end, ate (dually <n«d£ very 
Mv, end# a Urge mh knd a 
flapper attgodllweo ebb ctrcumftaOce 
H^ghc* Serviceable to fugat-ba- 
: .km confe&ioners, and other attifta 
-who are under the neoeflity of eva- 
^gmiting large quantities of water, 
f fjSwever, U a fluid contained in a 
deep veflH^when heated to a cer- 
tain degree, retains its heat longer 
than it would do, if it Was Spread 
over a Shallow veiTel, ar\d heated 
to the fame degree $ it may become 
a doubt whether the quantity eva* 
porared in confeqyence of its retain- 
ing Ijeat longer, may not be equal to 
or exceed the quantity evaporated 
4rom the Shallower veffel, *r confe- 
qucnce of its larger furfece. It 
might, perhaps, be an ufeful pro- 
* * blem 
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rate e*p«ime 0 ts fcHan ' *0? ,*a&M$ 
have beqd hith$rtoi*a<ie, «|W? JN#fMR 
hr^fMdth, and depth ttf 
wit^ the cwdbnfiptjon u$|pb$o*WS 
quantity of fuel, would ^powUW^ 
the greateft po&ble quandary of bfljy> 
fluid in a certain tijj»e. 

< * 

or D I STtJrtATtOU AND StfJptHATJftlft 

Though, in the proCeft of evapo*r 
ratiorf, tfie volatile 1 par'll^ jiodies 
are ufually difpferfed frj’tbe air, and 
the remarning'ones only pteterved, 
yet it often becomes necefBuy to 
colleft the volatile parts thecftffelves t 
when this is the cafe, pdaper veffels 
are made ufe of for the purpofe,' and 
the opefatlon, if the parts are fluid, 
is called dtftillatm , from tfleir being 
collefted drop by jlrop, jtittat'm. If 

the 
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the volatile parts, when collefted, 
are dry and in a concrete forto, the 
procels ‘is called Jubiimatm , from 
thd pans beidg driven upwards by 
the force* of the fire, and collected at 
a diftance from the remaining parts. 

Thte volatile pans thus cdllc&ed, 
may in general be called fdbfimatcs ; 
they ( are of ‘different confiftencies, 
feme beh%»m hard maffes, others in 
the form of a fine powder. Chemifts 
have agreed to apply the-naane of 
Jailmate, to foch as are in connftent 
maffes, the others, they call fiowas: 
thus we hear of eorroflve Jailmate , 
and of flowers of Julphur. The foot 
of a chimney is a matter fublimed 
from /he fud, and it conies under 
the denomination of flowcY^jor fub- 
iimate, according as it is of a pow- 
dery or confident appearance. Du- 
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ring the fmelting of leasMfe, th$b 
impalpable iVbftanc.S olflch ,*»ffi*e» 
out of the cblfiflwy of the furnace^ . 
and failing upon the adjoining 
grounds, renders the grafs'«n whole- 
fome for cattle,' may properly be 
called the flower? of lead ore. ‘This 
diftindiot* between diftillaticto; as 
collcding the fluid, and fublimatf&O, , 
as collcding the foiki parjjnsf bodies, 
is not always fcrupuloufly adhered 
to; fijnee the beft authors fpeak of the 
dtftillation of fylphw, and of other 
bodies whofe volatile parts are dry. 

The chemifts ufually diftjnguifh 
dtftillation into three kinds, accord- 
ing to the different manners in which 
the diflilfed vapour is colleded., The 
vapoupi trail cafes flies from the firej 
hence when the fire is placed above 
the veil'd which contains the matter 
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to be difliiled, the vapour in efeaping 
from the fire, will defttod, 4m) be- 
ing colle&cd in a proper veffel, the 
diftiliation is laid to be made, per de- 
feenfifa, by deftent. When the fire is 
placed under the veffel Containing 
matter to be diftilled,* the vapour 
will afeend, and the diftillation is 
c&ed, pgr qfeenfum, by afeent this 
is the cowsipon maimer of diftilling 
low wines and fpirita. Befides thefe 
two kinds of diftillationy -these is a 
third, which ufuaUy takes m deno- 
mioatioa from the form Of the vef- 
ftl, in which the matter to be diftil- 
led is put. This veffel is bent, and 
hollow, fomewhat refembling in 
ihape, a bullock’s horn j it is from 
thence, called by the French^ a cor- 
me; more generally, from Us curved 
&a$» a retort. The lower and more 

capa- 
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capacious part of the aetort is tailed 
its belly s this is fometimes made *1* 
mod gobular, that it may contain 
the more ; the tapering crooked part 
is called its neck, and this fiart is* 
joined to the belly, with various de- 
grees of obliquity, according *0 the 
ufe to which the Retort is dcfigned»A* 
A large pear, with a long bent ntfck* 1 
may give an idea of th^hape of a 
retort. The matter to be diftilled, 
be it liquid or {olid, is put in at the 
neck : it defeends into the belly of 
the retort : the heat is applied to the 
belly ; the vapours in flying from the 
heat, ftnke agamft the upper fide or 
roof, as it is called, of the retort *, 
finding no exit there, they are forced 
oi\ laterally through die neck; the 
neck of the retort is clofely joined to 
another hollow veffel, which from 

it% 
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its office, i^coHe&ing the difoilled 
vapour, is tailed tfye remver $rra*- 
the diftHlation is faid to be 
qjade, per lai«h by the fide, or per 
rtiortom, by the report. The retorts 
are made of various materials, as of 
glafs, Jron, earth), according to the 
degree of heat to which they are to 
1 be^xpofed. 

It is no^ certainly known when, 
by whom, the art of diitilling was 
firft found out. A diluent fearcher 
into antiquity informs us, that 
about the year u$q, the Moors of 
Spain firft introdilfced the art of dis- 
tillery into the weft of Europe, they 
having learned it from the African 
Moors, who hail it from the Egyp- 
tians; bur how long before, the ^id 
Atrican Moors had been in poRdfion 
of this curious art, does not clearly 
‘ appear. 



V «1 ) 

14 a V 

appear. Certain it is $wt’ this wit 
was owe known w» ike aacjfenrGjn^cs 
and Romany face neither Pliny, 
nor way ocher iUtin or Greek author 
makes mention tlt\u m ( '* , 

To me lt$eins probable that the 
art of fublimaifcra was known fce&ut 
that of diftiMation. The warn lim- 
bic or alambit is compounded 6f*he 
Arabic particle (tbejk 4 ant the 
Greek word awifa a Ignd of cup or 
cover of a pot ; k is now nfed |0 de- 
note the whole of a certain dialling 
apparatus ; it formerly denoted only 
one part of it, nrffoely the head, or 
that part in which the chftijled mat- 
ter was colledM. Diofoorides is 
thought by Suktes, to have bfen 
phyk^ian to the celebrated Queen 
■ 

* Andejfon qjj Conun. V«L I, p, 83. 

▼OL. I. E Cleo- 
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Cleopatra* lie certfinlf, knew the 
of fufcjimijjg qulcjfcfilver 
Aem its ore, ,ao4 he calls ,&« part 
*f to which thefeb-' 

limed quickfitver was collcfied, 
aoAk*s the ad4fti<$ of a fpoirt or 
beak to hi* ataK^ *qd4 have fur- 
®i%4 h ‘ m with a complete inftm- 
mratjfordjftilling.aa well as fublim- 
ing. But fto one w^o confiders how 
near the ancients msjtt to the difeo- 
werp Of printing without finding^ 
out* can be furprifed at their know- 
ing fublirnation, afid at the fame time 
being ignorant of filiation j for 
that Diofcorides,wa» ignorant of the 
art of diftiliujg, may be reafonably 
conjeftored, when we consider the 
tad Jhift he was put tp in order to 
collet an oil which aiofe from bolt- 
ing 

* L.*. c. no. 
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tog pitch : he orders ft dean fleece 
of wool to be ftretched over the JR* 
in which the pitch waft botlcdy*nd 
the oil to be prdfed out of the wad 
as often as it became iufficieofiy wet 
‘With it. 

It muft bfc owned, that this forgo* 
merit U not imirelyconclufit'e agstwft: 
the opinion of theft who thipkthat 
the art of diiKitotion wat^ knqwn to 
the more ancient Greeks and Ro- 
mans. For Diofcorides might banc 
had ‘his reafons ftn* making ufeoftfie 
contrivance here mentioned, though 
he had been acquainted with diftii- 
l^tion. It feems moft naturaj&o ex- 
pert fotne account of this procefs in 
the writings of the phyficians Hip- 
pocrates and Galen, had they been 
acquainted with it : but there are no 
paflages’in their work#* fttnn which 
n a any 
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any certain conclufion can be drawn 
relative. to their knowledge of this 
opefatjpn. Gcber, the Arab, was 
well acquainted with it, for he has 
given us a chapter on the fubjedt, in 
which he lays down rules for dril- 
ling per di/cenfum, and per ajcenfkm, 
but he fays nothing of diftillation 
per retort am. But diftillation was 
known, to the Egyptians at leaft, 
fomc centuPics before the age of 
QebCr : for Zofimus of Panopolis 
la Egypt, who lived in the fourth 
century after Chrift, if not fooncr, 
has exhibited forae figures of a di- 
ftilling apparatus*, or 

* Thefe figures may be feen In Born chius* 
HermetU et Agjptiorum Sapicntia, p. 156. 
The word Cfoma firft oce Ira in tht works of 
this Zahoufa He lays, though one, nay 
wonder whence he got his infoi motion, that 
ii wo* iifa nft befoijc the Deluge, and tin t ft* 

figmfies 
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OF dEPHEEGNLATIOK, CONCENTRA- 
TION, RECTIFICATION. 

The watfl fblegm ufually denotes 
she mod watery parts of bodies, and 
when rhefc parts are feparated* ei- 
ther wholly, or in a great degfee, ei- 
ther by diftillation or fublimation, 

* 

fignifies fumcthlng concealed^* Tift Arabic 
tongue* according to Bochart, fnrmffefes tia 
with tine woid KM figmfjing concealokM, 
and 'thuict he derives Cbmut, rather tlw» 
fiom Cl tint the Hebrew root. Egypt is -c^kd 
by Plutaich in Chemit, vthich Orteliu? 

* * pound* for Chamia, from Cham the fon of 
IjJooli. As the Arabian* do not aiwjB^copy 
rvadily the propci names they bonraW from 
tlit Hebrew ; may it not be conje£feur«d ? that 
the Arabic hVm $ figiiifying concealment* 
ua.Vimiodia vd into that language, from the 
butt and hieroglyphic manner, in which the 
pncilsofCham (Egypt) concealed theii know- 
ledge of chemiflij and oiho aito ? 

e 3 tho 
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the bodies, be they folidor fluid, are 
laid to, be defblegmattd. When the 
watery parts of any compound fluid 
are by* any means taken away, the 
remaining parts approach m.ncrto 
each pther, and may on tha» account 
be faid to be concentrate l ; though 
the xerm concentration K chit fly ap- 
plied to the feparation ot water from 
acid liquors. It frequently happens 
that the products obtain* d by one 
operation, are not lufliCKntlv pure 
and homogem ous, and th it a fecond 
or third dillillauon or fublimatio.i 
becomes necefiaty to exhibit them in 
a proper form : this procefs of puri- 
fying the fame body, how often fl>~ 
ever it be repeated, is called rrftifi- 
c at ion. Thus when we hear of an 
oil, or volatile fak, eight or ten times 
ratified, we arc to underftand that 

l it 
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it has been fo often red i (tilled or re* 
fubbmed. If the impiiritjr, to be 
ta«cen away, be a Ample phlegm, 
it is obvious that the terms rectifi- 
cation, concentration, ahd dephleg- 
mation, may be fyttonymous; and 
indeed they are often ufcd proihif- 
cuoufly. Thus weak vinous fpirits, 
and weak vinegars, are rectified; con- 
centrated or dephlegmaftd By ftoft j 
for the water contained ih 'thefe 
fluids being frozen and taken away 
in the form of infipid ice, the remain- 
ing fluids become ftrpnger. 

• OF THE DEGREES OF JHEAT COMMON- 
LY USED IN CHEMISTRY. 

From what has been faid relative 
to the fixity and volatility of bodies, 
it may readily be conceived, that the 
operations of diftiHation, and fubli* 
e 4 niatio'n, 
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{ration, by which the volatile parts 
of bodies are collefted, will require 
different degrees of beat, according 
to the nature of the body whofe 
parts ire to be diiiilled or iublirrsed. 
It would be eadlefs to enter into all 
the fancies and Contrivances of c he- 
ro ills upon this fybjedtj, yet there 
arc »four modes of applying hear, 
which fthoqgh they are nor fo well 
defined that the degree of each can 
bo accurately afeertained, ought to 
be particularly noticed, h.'at 
ef betting water }-*~a /and beat, — a 
naked fin beat ; — and a Jolar beat 
Water, highly reftifitd fpiuts of 
wine, ami other homogeneous fluids, 
canirt be heated in open vefiels, and 
inagiven flateof the air, beyond 
lain degree peculiar to each. As loon 
as they fully boil, no continuance of 

in* 
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increafe of fire can communicate to 
them any increafe of heat j hence a 
vcffel, containing a bCd$* to be di*^ 
Hilled) being expofed to the action of 
boiling water, all the parts of the 
body which are volatile, with the 
degree of heat in which water boils, 
will be elevated fcom the body-' 1 , and 

may 

M, 

* This obfcmtlon Ja riot, probably, per* 
ftftly juft. ~ It is a very lemarkabk pheno- 
menon* that a viild containing water wiS 
uoei huh how long foever it be taepofed to 
thv actum hmltng water. fThc reader may 
wvnee himfelf of this by at) eafy eicpe* 
muent. Fill a common bottle with water, 
put the bottle thus filled into a pan of wy$er, 
io tint tile mouth of the bottle may foe a 
httL abo\e *the water in the pan ; 'fat 
pan on the $re, and when the water in file 
pan boils in the moft tidiest manner, that in 
the bottle will be obfernd not to boil, nod 
if its heat beeaumtned by a thermometci of. 

Fahrenheit 
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may be colle&ed in proper veffels, 
wbilft die other parts, if the t>ody 
conlifts of different principles, will 
remain at the bottom of the veflel. 
Thisfheat of boiling water is one of 
the mod definite degrees known in 
chefntftry ; theife are many delicate 
operations, efpecially on veg*.raMes, 
in which it would be improper to ufe 
fo great jHjjcat as tlntof L> wlingwater; 
but it ib not nccefiarv to enlarge 

. upon 

X'Vhtviiliut’s fcafe. ’ - »\?11 not be fo uui to 

. 

..mount to abovje 2t 2 deg* rc$ f wli » t Uut of 
the boiling water : tin. pan is 2 2 degree. 
H*nie it fhouM leem, that both* , dtflilh 3 m 
%c!Mi erpofed to the act* on of boiling watei> 
jjfc txicrlu.ee tU** hut o i boiling walu. 
vSjfaL phpnomtnoft it mentioned iiom Bai- 
tholm’s A^ta Medici, in the Philof. Tranf. 
for l 6 yj f No. 97. — Set alfo Proieffbr Braun's 
Bxper Nut. Comm. Pctrop. < Sbtn. XII. p. 
<B6~and Rootr’* Journ. 1773. 
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upon this observation in this places 
Boiling menjury, boiling lead, bbiW 
jng copper, would afford, other defi- 
nite riegi ecs of beat } and boiling oil' 
might be v«py properly ufed as *<■ 
mean of diftilling4>odies,. notwith- 
ilanding that oil thickens in boilings 
and thereby becomes hotter as the 
mo're fubtile parts are difgerfed. 

There arc many bodies,. and parts 
of bodies, which cannot be rendered* 
volatile by the heat of boiling water ; 
thcie are ufbally diftilled by immers- 
ing the veflel containing them in< 
find, and 'applying the fire fo as to 
heat the fand 5 for the fand gradually 
communicates its heat to the veffel 
which it. touches : the fand is gene- 
rally put into an iron pot; it is evi- 
dent ttyg,t the fire which is employ- 
ed to heat the pot, may communr- 

* cate 
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cate any degree of heat to the fend, 
from the fmajleft, to^at which is 
Efficient tt} melt the iron, fo that it 
woolt^ no longer hold the fand.— 
When the heat i4 communicated to 
the veffel, containing the body to be 
diftilled, through any medium, as 
that of boiling water, or hot fand, 
the body is faid to be diftilled in a 
Water bath, or fand bath, the che- 
mifts having agreed to call the me- 
dium, ferving for the communica- 
tion of he^t to the diftilling or fub- 
liming vdfel, a bath ; and formerly, 
befides water and fand, 'they ufe4 
vapour, iron filings, wood alhes, &c. 
for this purpofe. 

When neither the heat of boiling 
water, nor ’of ignited fand, is fuf- 
„ ficjent to feparate the volatile parts 
of a body from the remainder ; the 
* vef- 
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veflel containing the body is ex- 
pofed (o a naked fire ; that is, it is 
furrounded Hfith burning fuel, and, 
by a contrivance in the ftru&ure oC 
the furnace, the flame of the fuel is 
often made to reverberate upon 4c. 
This degree of heat is alfo indefinite t 
ii may be augmented, by bellows and 
other meant), to ftcn a pitch as to 
melt the furnace containing the fuel, 
or the veifel containing the body to 
be diftilled. The degree of heat 
which may be excited in furnaces is 
undoubtedly very great, yet it is far 
inferior to that of the fun’s rays 
w|»en colle&ed into a focus by a 
burning glafs or fpeculum : the force 
of this l'plar heat cannot, perhaps, * 
be fubjtft to any other limit, except 
what auKs f/om the difficulty of 
fpeculums. 

or * 


forming ^rge 
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* 

or SOLUTION, saturation, and 
CRYSTALLIZATION. 

When, the parts of a (olid body, 
.as common fait or fugar, are fo 
•unked to a fluid, as water, that they 
• compote with it an apparently ho- 
mogeneous fluid, remain fufpended 
in it, and do not deftroy its tranfpa- 
■rency~ thfc folid body is faid to be 
, dijfohed in the fluid, the operation is 
called Jolation the fluid, being look- 
ed upon as the principal agent in 
difiblving the body (though all ac- 
tion is mutual and equal), is called 
the fohtnt , or more commonly, ac- 
cording to fome filly or indelicate 
ideas of the alchemifts, the rnmjlru- 
um; the. compound refusing from 
the union of the fluid and the body, 
is called a Jolution of this or tlur 

body. 
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body, in this or that mvfiruum. 
Thus We fpeak of a folution of 
common fait or fugar in Water, of 
a folution Of fulphur in -oil of tur- 
pentine, of camphor ‘in fpirits of 
wine, of ftlver in aqua fortis* and 
fo on. Th£ term folution is alfo 
fometimes applied to the union of 
two fluids ; thus the air is faid to be 
difiblved in water, becaufo all na- 
tural water contains air j and water 
is faid to be diflbived in air, bccaufe 
the moft rranfparent air contains a 
confidcrablc portion of water : thus 
alfo various forts of -oils are faid to 
be diflolved in fpirits of wine* And 
laftly, folution is applied to the 
union of two folid bodies : thus 
glafs is a 'compounded body refus- 
ing from- the mutual folutiOn of an 
•earth and a fait. 


It' 
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It may be worth while to explain, a 

little more fully, the firft and moil: 

obvious notion of folution ; that in 

which a folid body is united to a fluid* 

If yoif take an ounce of common fait, 

and throw it into a quart of water, it 

will fall to the .bottom of the water, 

as an ounce of fend or chalk would 
« 

doi but it will not, like them, flay 
there ; in*a very little time, efpeci- 
ally if the water be flirted, the fait 
will intireiy aifeppear, it will be uni-* 
formly difperfed through the whole 
body of the water, no ode drop of 
water will contain more particles of 
felt than another, nor will any 6f 
them contain fo much felt as it is 
able to do. For if yoti add another 
ounce of felt, that will a’rfb be dif- 
fclved, but not quite fo fpeedily as 
the fiifl ; and that will alio be uni- 
formly 



of Water Wiil" :, i4Qw\colH:a^^|t^^':' 
much fi&tas .il 'AftHtti feet/' • 

and.keepiog fufpendcd the "■ 
•of. f&k, *i» W^OHnoiteft } ym "Sntfc\ 
add fo much fait to it, tbatVorffi not .. 
difToilvr one particle ''ritoi^tb# Wa^* 
ter m that ftate is properly endugh 
faid jo be Saturated, All other tnen- 
ftruums are Kkewife laid to be fitto- 
rated* whentheywilknot take tip and 
keep lyfpertded any more of the bo- 
dy difiolved in them ; thus a pint of 
Ipir^pf wbe wiH oaly take up* 
defimte-pbmon of camphor j a pint 
of oil ofiirurpentirie will Only keep 
diilblved a definite portion of fiit- 
phurj and a pint of aqua fords will 
be fo fa turned with 0 definite portion 
vou i, F of 
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of filver, that it will have np fort 
of a&ioo upon any additional quan- 
tity which Stall be put into it. 

Wwdo not know either the fijse 
or the fliape of the particles of wa- 
ter, nqr whether they are contiguous 
to each other, nor how they come to 
attract the particles of fait more 
ftrongly jban they attract each 
other ; but it is, notwithftandiog, to 
this prevalent attra 9 ion 3 that we at- 
tribute the folution of the fa)t m, wa- 
ter, and of every other botjy in its 
proper mcnftrutim. We are certain 
that every particle of water arna&s 
to itfelf and keeps, fnfpended a par- 
ticle of fait, of a definite «weight 5 
otherwife an equal numbe^f thefe 
particles, consuming drops or par- 
ticles of equal bulks, would not have 
equal weights, 00$, contain equal 

quan- 
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'juanmies of fait, Whidh we are tef* 
uin they do. Now if we fuppofe a 
finale particle of water to be evapo- 
rated, or an? tym taken away fWltt 
a faturated iblotion of fait, then tHd 
patticle of fait which was kept fuft 
pended by rhe attraftion of that par- 
ticle of water, mull of neceflity have 
a tendency ro fall down to tfie bot- 
tom ; became every other patticle of 
I'.jvr, bnn^ fuppofed to have as 
unuch fait united to it as it is able to 
fuftatn, can contribute nothing to its 
fupportj and if infieadof one parti- 
cle of water we fuppofe a tbotofandj 
or ten hundred thoufand to be eva- 
ji».: , ul,*then will a thoufand, or fen 
t ’•’’di"i..thoahnd pmtclcs. of fait 
l It t without emr fubftance to fup- 
, on them , end having no furroun J- 
fluid to hinder their mutual at- 
r i tractions 
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tra&Tps from taking place, ( they 
will (Coalefce together upon the fur- 
tfeee of the folution from which the 
"*per«has been tfaporated, and by 
(their union conftitute a fahne pelli- 
cle, which will be vifible to the na* 
kcd eye. This pellicle, as foon as 
it becomes heavy enough to over- 
.come the jpnacity of the fluid upon 
which it floats/ will by its gravity 
defcend from the furface where it 
was formed, to the bottom of the 
veflcl containing the folution; or, 
meeting with afperities on the fides, 
it may attach itfelf in part to them. 

But the taking away a part of the 
diflolving fluid is not the only mean 
by which the particles of the dif- 
folved body may be made to unite ; 
there is another, and, in many in- 
'fiances, full as efficacious a one, the 

taking 
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taking away a part not of t% fub^ 
fiance, bat of the heat of the djflolv- 
iog fluid. Thus if you put into a 
quart of boiling water as muuh fait- 
petre as it will diflolve, and filling a 
bottle with' the boiling folutictn, in<i 
ftantly cork it up ; then you are fore 
that no part of the water can cfcape ; 
and if the diminution ofi.the quan- 
tity of a menftruum was the only 
way by which the parts of the diP- 
folved body could be made to Unite, 
then would the particles of the dif- 
fered faltpetre, in this in fiance, not 
unite at all, Gnce there can be no di- 
minution of the quantity of the dif- 
lolving water : you will, however, 
on the contrary, obferre the parti- 
cles of t{ie fait coalefcing together, 
a. the folotion grows cold, and 
forming large and regular cryftals.' 

r 3 —The 
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— ThjP word cryjtal is derived t from 
(he Greek words o;m, froft, and 
fietiu)) to comrift . The ancients fup- 
}>ofed .a particular mineral known 
by the name of rock cryftel> to be 
poshing but congealed water, this 
mineral is of a determined angular 
figure, and hence all ftAts and other 
fubftances n which from being dif- 
fered in menftruums, or fufed in 
fire, concrete into rep u Ur figures, 
are faid to be eryjialhztd. 

There arc a great many circom- 
ftances relative to the manner in 
widen different fairs njtfcallizf, 
which cannot be infilled on in this, 
place, one ehiop dt lei ves, particu- 
larly to" be remarked, — that every 
fait in cryftallizing invariably af- 
fumes its own peculiar form. You 
may diffolve common fait, or falt- 

petre. 
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pttre, ft thdbfaild tinnesi and c^ydftl- 
lize theth ftft Often by evaporating Or 
cooling the water in which they tab 
diffolved, yet will you ftift find the 
common fait will be cofiftandy cry- 
stallized in the form of ft< cube, and 
the* faltpetre in the form of * prifai* 
and if you examine with ft micro** 
Scope fuch faline pafriclts.as e#e not 
visible to the naked eye, yon will ob- 
ferve thefc particles to be of the 
fame Shape with the larger rrtaGH* 
The definite figure ippropriate t6 
evciy particular Species of fair, mfty 
admit a little variety from the acci- 
dental admixture of other bodies. Or 
from foipe lingular circumstances at- 
tending the evaporation and crystal- 
lization of the filiation; but thefc 
varieties* are foreign to. the nature of 
the fait, and ait not greater than what 
f 4 attend* 
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attend altnoft every fpecies ^vege- 
tables, and even of animals, from 
change of food and climate. 

Hare a large field of inquiry opena 
to our view ; and though it be bet- 
ter, as Seneca has it, dt re ip/a qua- 
rere quhm mirari * yet all our attempts 
to inveftigate the works of God are 
weak $ud ineffedual : we fee] his in- 
terference every where, but we can- 
not apprehend the nature of his 
agency any where. A blade of graft 
cannot fpring up, a drop of rain can- 
not fall, a ray of tight cannot be 
emittetf from the fun, nor a pardclp 
of fait be united, with a never fail- 
ing fymmetry, to its fellow* without 
him : fvery fccondary caufe we dis- 
cover, is but a new proof of the ne- 
cefTity we are under of ultimately 
recurring tp him, as the one primary 

caufe 



catrfe pf every thing. Yet notwith- 
landing this our utter- inability ,to 
fearch far into the nature of things, 
philofophical’ inquiries, are by no 
means without their vie. He who 
finds his endeavours to comprehend 
the’ works of creation checked at 
every turn ; Who* underftamb that 
every the minutdl part of thi| little 
earth, which is itfelr nothing, as it 
were, when compared with the infi- 
nity* of the divine Works, is to him 
one great miracle? will not be over- 
zealous in affirming that God can- 
not interfere by his providence^ in the 
management of what he hath made, 
or that be has interfered in this or 
that particular' way. in the confci- 
ous abafe'ment of his own in celled, 
which philofophy will have taught 
him, he will be cured of all attach-. 
3 me nt 
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f»ent t» fyftem, whether it be ja, fyf- 
tem of Wgbtfry at infidelity : he will 
not be !&>d of anathematizing every 
one yhO Cannot think with him in 
religious matters ; nor on the other 
hand will he comend that a revela- 
tion from God iJiuft be an impofli- 
bility, from any ubftfa& notions he 
may Have framed of the nature and 
Works of the Supreme Being. But 
to return to our fubjeft. 

If what has been laid relative to 
cryfralhzatiotH be not perfectly in- 
telligible to the reader, I would ad- 
vile hirtl to make the following eify 
experiment, which will give him a 
better notion of the matter than a 
fhoufand words. Into a baibn full 

• t 

of boiling water, put as much fait- 
peere as the water will take up; if 
(he feltpetre was purified, the tranf- 

parency 
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parency of the water will not bt is* 
jured, it will fli’I appear to be ss> 
homogeneous fluid : when the water 
will take up no more felepeo*,.thea 
he may conclude that it ia faturated s, 
let it (land without being* flirted* 
till It grows cold. As it cool*, agreat 
many cryftals, all of the feme (bape* 
may be fixn (hooting out frqpt the 
tides and bottom of the tJafon, and 
indexing in fue till the fokmon be- 
conges quite cold, When no more 
cryftals can be fojmcd by that de- 
gree of cold which- prevail* in the 
apar^neat where the experiment is 
made, pour the liquor from the folid* 
cryftals j this liquor is flill faturated 
with faltpetre ; and in order to make 
k part with more of its faltpetre, 
feme of the water which keeps it dif- 
folved muft be evaporated ; upon the. 
z taking 
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taking away a pare of the wftfer, a 
cowefpondcnt part of the faltpetre 
lofes the power by which it is fuf- 
pended, and ought, upon that pre- 
emption, inftaatly to fall to the bot- 
tom: yet it muft be remembered, 
that the water, from its increafed heat 
during the evaporation, is able to 
fuppogt more faltpetre than if it was 
cold; and therefore the faltpetre wnl 
not begin to cryftalhze, notwith- 
ftapding the loG of part of its rtien- 
ftruum, till the remainder begins to 
cool. By repetition of this pro- 
cels of evaporation and cryft||jiz4- 
tion, we may obtain all the faltpetre 
which was at firft diffolved, as no 
portion of it can be evaporated with 
that degree of heat which is ufed 
in evaporating the water. 
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Op MIXTURE AND FILTRATION* 

► 

There is a difference between JoHt- 
tion and mixture iufiiciently obvious, 
though not always attended to.— 
Thus water which fprings from 
chalk, has often, When the fprings 
are low, a milky caff, arifiog from 
fome very fine particles ,pf -chalk 
which are mixed with it, but not dif- 
Jolvedxa it; for perfed folution is al- 
ways accompanied with tranfparen- 
cy. Briftol and Matlock waters are 
very transparent, though they con- 
tain a large portion of earth ; bat 
the earth is in the ft ate of a fait, 
and perfedly difiolved in them.— 
Turbid waters, turbid foliations of 
falts and other liquors which con- 
tain, mixed wish their fubftance, any 
-heterogeneous matfier, are purified 
. to 
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to a certain degree by filtration $ that 

is, by bring made to pafs through 
'certain fubftances, whofe pores arc 
iarge 1 enough to give a paflage to the 
particles of water, and to the para- 
<166 of any fait diflblved in water* but 
not to the earthy or oily fccculences 
which may happen to be mixed with 

it, Theefubftances made ufe of are 
called fillers ; they atre either fand, or 
a porous kind of ftonc, thence called 
a filtering Hone, or flannel, or linen. 
Of leather, or brown paper into the 
compaction of which no flat has 
entered * this laft fubflance'is gene- 
rally ufed in (mail chemical experi- 
ments i it is made up int»*a conical 
form, and placed in a fount;)* °i* other 
convenient 'in ft rument to fnpport ir. 
fleers are ferviceable mftruments. 
4»oc only for the purifying of liquors, 

bur 
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but foodie fcparating of any kind of 
fait from a mixture of fait and earth, 
and enabling us to afeertain the pro- 
portion of fait and, earth Contained i A 
any pxopofed fpeemnsn* An ioftance 
'will. illuftrate> my meaning* ,1c » 
commonly knfwn, that wood afbes, 
fern allies, and the aSies of moA re*, 
gctablrs, con fid partly of a. particular 
kind of fait, partly of earth* Sup- 
port it was required to determine the 
proportion of fait and earth’ con- 
tained in any fpecimen of sdhes, rhe> 
proctfs muft be conduced in the 
following manner: — Take a pound 
of the a Ikes, prevfikifly well dried, 
boil them* in a quart of water, pour 
the water ynd the afhes into a dim, 
the water will pafs through rhr 
filter, bringing with it the falocon- 
tained in the afhes j for water dif- 
fuses 



folvcs all kinds of tod o*> 
of earth; the earth therefore of the 
afhes will t*e left in the filter : wafh 
the earth remaining in the filter, by 
pouring upon it hot water, till the 
watt* in filtering through it comes 
off wholly without'tafte: then eva- 
porate all the water u» which the 
afhes w«s boiled, and with which 
the earth in the filter was walhed, 
and when all the water is diffipated, 
there will be left a greyilh kind of 
fait, of a very pungent tafte. When 
thfc fait has been dried as much as 
the a(bcs were, itmwft be weighed 
whilft warm fto^ the fire, and its 
weight noted j then dry in the fame 
manner the earth remaning in the 
filter, and the weight of the earth 
t^usjdried, added to the weight of 
tttfcjflt, ' which has been eatra&ed, 

will 
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■will, when this experiment has been^ 
properly made, amount to the 
weight of the aihes employed in 
making it. 

THE ANALYSIS OF BODIES* 

Moft of the bodies whiclrwe rfieet 
* 

with upon the furfacc of the .earth or 
below it, are compounded of hetero- * 
peneous principles j tbefe jWlntSples 
nm ft, in many inftances, be feparated 
from .each. other, before either the 
nature of 'the body can be properly 
underftood, or the principles them- 
felves be applied to any ufeful pur- 
pofe. Thus the juice muft be ppe£» 
fed from the earthy part of the 
the fugar cane, and the olive, before* 
we can obtain either wine, fugar, or 
olive oil. \ The falinc matter muft 
be extracted from the earthy part o# 
tor, i. , G the 
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the albes mentioned it 'the left ex- 
periment, before it can Hi maftp cafes 
bc6qjan« uMmI as « fell* Sulphur or 
arfenick, or both, muft in many in- 
ftancea be fepamcd from the ores 
of metallic fubftances with firiplar 
cane; before ibe metallic « fubftances 
thcmfclve* -can become artidcs of 
commerce i or even before their ex- 
iftence, "is conftituent parts of the 
oks, can be mack apparent. Many 
bodies, without any affi (fence .from 
art, fpontaoedully reibive themfelm 
into difttrali p»*mc»pks j thus blood, 
by ftandiog, bcoom^ftpaMaed into 
a*ae«y Add; and awl fldfcy fob* 
JbMtKi f0k Kfefe«s‘Hfidf in like 
hMif* 4 lMn «*«*, iMo'-curd* and 
ifoto wtifV iNbtrfwoceft by which 

tofay tii 0 $* 4 l coin* 
yw iMi iwXqr ift lapriii^ ifoni ®*ca 

other. 
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other, whether it be carried m by 
nature* or ait, may he called the 
mtixfiff rejokuk ir, or dtcmptfHm 
of the body. 

It frequently happens, that the 
parts feparated by one analyAs, are 
thenjfeivcs compounded bod^esj-aad 
capable of being refoJvcd, by a fun*, 
thcr procefs, into more Ample prio* 
ciples. Juft as in language I fed- 
tettce may be refolded into words, 
-words into fyllables, and fyUable* 
into letters* fo in the decomppfirioa 
of natural bodies, went left arrive at 
principles which do not admit any 
further refoiution or change* Tfeefe 
Ample, unchangeable principles art 
called elmmts i and it may, from 
what has been advanced, by Jtenddy 
aDEMbeadcn* tbit thc^.femg^ Jubo. 


O ft 


one 
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one man, which is not lb efteemed 
by another, according to the 'differ- 
ent* of their flail exerted in the ana- 
lyst of bodies, 

, C* CJiEMlCAt ELEMENTS. 

* 

By chemical elements, which* are 
the laft products pf chemical analy- 
fis, we are to underftand, not very 
minute iftdivifible particles of mat- 
ter, but the fimple homogeneal parts 
of bodies which are not capable, as 
hr as our experience teaches us, of 
any farther refdution or divifion, ex- 
cept in a mechanical fenfe, into firm* 
lar parts lefs and lefs without end, ‘as 
water into vapour more or lefs fub- 
tUe and attenuated. Ariftotk and 
hfe* followers efteemed earth, air, fire, 
and water, to be elements, ample and 
•uniform in their fevcral kinds, cflen- 
* tially 
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daily diftinft, And utterly incapable 
of being converted into one another, 
yet eafily uniting fogecher, and bf 
their different arrangements, pro* 
portions, and mixtures, compofing 
every body in tire univerf^. Many 
modern ehemifls have adopted this 
idea •, others haveinercafed the num- 
ber of elements, by adding a faline 
principle ; others have •contended, 
that fome of tbefe elements, air and 
-dire* for ijiftance, arethemfelves com- 
pound bodies ; and others, laftly, are 
perfuaded, that theie is only one 
elementary homogeneal matter, and 
that all the varieties of bodies, as 
well as of what are commonly efteem- 
ed elements, ought to be attributed 
to the different magnitudes and 
figures of the particles compofing 
them ; and as the component ‘pants 
c 3 of 
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dfwm m m? body, 
are bp *»• DB«ans fcppqicd to be ek- 
m*mj pagein, of matter* but to 
be made op of different number* oi 
al gmitn ta ry paftictes arranged in dif- 
ferent fawns, it may be thought pro* 
b<|bfe» tliat mechanical causes pray 
either diminifh or augment the num- 
ber, or change the dHjxafaion of the 
particksyand thus cffc& the feveral 
varieties obfervahk in nature. 

It would be improper inthis place - 
to enlarge on a fubjedt, concerning 
which both ancient and modern phi* 
lofophers have been fo much divided 
in opinion: Their great divcificy of 
fentiment may fuggeft a fufpicion, 
that the full comprehenfion' of it does 
not fall within the teach of the hu- 
man underftaoding, Thetfoliowing 
«b£ervacton may*, perhaps* tend a lit- 
tle 
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tic to ilkftrxte this^maeter. Let. 
us fbjSpofe ■ that th» terraqueous 
globe was toot- fuisrou tided with any 
air or atmofphe/*, and that by an 
approach to* the fan, or an intYeafe 

of the fubterraoeoos fires, by fome 

* 

means or ocher it fhould become 
expo fed to a heat four times greater 
rhao the medium heat of our 
fummer, which we may •reckon* to 
be about 60 degrees of Fahrenheit’s 
thermometer * then would an atmo- 
ijphere be quickly formed around it : 
all the water upon its furface, moft 
of the juices of plants and animals, 
ahd a great variety of mineral par* 
tides, would be raifcd'up in vapours 
and exhalations* an#whil& the heat 
continued would be kept fufpended 
in an elawic ftate, and coqfticute an 
atmofphcre analogous, as it may rea* 
a 4 ■* fonably 
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fonably be imagined, to the chaotic 
ftate of our, prefent atraofpbere, only 
differing from it in this j that it 
would require a greater degree of 
heat," in order to keep the particles 
of matter from coakfeing into one 
heterogeneous mafs. A-gaiti, io>the 
prefent ftate of the atmofphere, fup- 
pofe that a great degree of cold 
fhould* continue unabated for any 
length of timej all the water upon 
the furface of the earth would be - 
changed into a folid tranfpartrt 
ftone, which might be dug out of 
its quarry, and employed in build- 
ing as well as marble, or any other 
fpecies of ftone * all the particles of 
air would be brought defer toge- 
ther* fome of them which^vcre the 
leaft elaftic, would be rc. united : and 
imagining the cold to be indefinite- 
ly 


f 
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fy increafed, what rcafon can there 
be againft fuppofing that the whole 
atmofphere would be reduced into a 
folid ftate, forming an heterogene- 
ous cruft upon the furface of the 
earth ? the thickneft of this cruft, 
luppoGng it to be as death as^butr- 
ble, would be abput four yards. It 
will eaflty be underftood, that wa- 
ter, and air, and earth, are*,1bpon this 
hypothefis, but variations of the 
lame element introduced by heat. 

That the atmofphere which fur- 
rounds the earth, was originally 
formed from the chaotic fnafs,. by 
having the more fubtile parts of 
which that mafs confifted, elevated 
and put into an &aftic ftate by 
means of/ heat, feems not altogether 
improbable. We find the atmo- 
fphere or firmament immediately. 

3 fuc- 
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f beeevdipg Ike formation of light j 
am, if the efied of that light was 
heat, he the form or matter of it 
what. pleafe, then would fueh 
pwtidtcs of the fhapelcfs jumble, 
as were capable of being evaporated 
with that degree of heat, be elevated 
in an eiaftic ftate, and a divifian or 
fcparation would be made m the 
xnidft of .the great abyfs, between 
the waters which were of a nature 
iubtile enough to be converted by 
that degree of heat into an elaflic 
fluid, constituting the firmament ot 
atmofpberc, and the waters which 
could not be evaporated in that de- 
gree of heat, but Hill remained co 
vering the furface of the globe, be- 
ing not coilefted into oqe place, 
that the dry land might .appear, till 
rhe third day. This notion of the 
7 atmo- 
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atmofphere and its formationi foams 
to be conformable enough to Near* 
ton’s opinion, exprefTed in bis letter 
to Mr. Boyle. * I conceive the con* 
fared mafs of vapours, air, and ex. 
halations, which we call the atmo- 
fphere, to be nothing elfe hot the 
particles of all forts of bodies of 
which the earth confifts, feparftted 
from one another, and kept *at a di- 
ftance by the faid principle V’— a 
principle of repulfion. 

* BoylcVJ,ife, prefixed to the fol. edit, of 
liisWorksip. 7i. 
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‘ESSAY III. 


OF SALINE SUBSTANCES. 

n* 

• 

I T may be exposed that this dif- 
quifitron fhould be commenced 
by giving a rigid definkton* of the 
term fait, or faline fubftano . But 
tjie complex ideas of natural fub- 
ftances are not fubjctt to very de- 
finite deicriprions. Nature, in her 
fevcral produftions, proceeds by 
imperceptible gradations, feldom 
leaving any decifive marks, by 
which we can invariably difcrimi- 
nate them into forts. The two rooft 
general ideas which appertain to the 
word fait, are fapidity and Solubility 

ip 
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in water^jnd Tome add, want of in- 
flammability in fire. Every'’ fub- 
fiance fbinbk in water, and affect- 
ing file organ of tafte with a fenfa- 
tioo different from that excited by 
it* weight, may be called a fait: I 
am feafible that this ddcription of 
a file cannot in all cafes be Clofely 
adhered to, without confounding 
things fuffkiendy diftinft* Copper 
by long mafiication excites a nau- 
fooas tafte, and by lying long in 
water it is in part diflblvcd in it, 
and yet we are not accnftomed to 
daft copper among feline fob- 
fiances, 

if any one flwuld wifo to extend 
the meaning of the term fait, by ap- 
plying it ro ell bodies which have 
regular figures, from fome obfeure 
nation, that a feline principle is the 
<• uni- 

at 
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univcrfal .Circle of cryftajlizatioa, 
the© *© variety of fpan at^ ^redoia 
fton«> {$*£«, and metafile £afc> 
ftanees, which are »CT#Kjl ! fBjad t&ir 
fallible in waters would be rightly 
rienominatedfelts ; and water irfelf, 
orlyjft concreted into ice, would cogne 
under the fame appellation. 1 Mat 
leaving this move enlarged 
•cation of the word fak, to «he"-$atey 
templationof tfeofe who aCe Hodioti* 
m th e formation of fublime fyftem* 
of nature ; and confining ourfclvrs 
m the more obvious propemee “of 
fapidicy and fdubility in water as 
chara&eriftic of (aline fobftaocesi 
We may proceed to obferve, thatail - 
falts may be reduced or 
of die 'three following kinds* they 
are either f—add JaUt-^atiutifM JdU 
—4Ta*tttr*lj*Ui. , 
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OF ACIDS. 

The term acid explains itfelf by 
its ordinary acceptations for though 
the(e»may be a great diverfity in the 
taftes excited by different acid bo- 
dies, both with refpeft to intenfenefs 
and quality, yet no language has 
furnUhcd diftind names for this va- 
riety. • Sorrel, vinegar, erfeam of 
tartar, lemons, tamarinds, and a 
great many other bodies, are all (kid 
to be acid when tailed; and this 
capacity of exciting an acid tafte, 
is one charaderrftic of an acid fait. 

All thofe bodies, with a very few 
exceptions, which have an acid tafte, 
have alfo, when fufficiendy puri- 
fied, the property of changing the 
blue colours of vegetables, as of 
fyrop of violets, into a red; and 

hence 
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hence this quality is reckoned ano- 
ther chara&eriftic of an acid fait. 

The great divifion of all terref- 
trial fubftances into minerals, vege- 
tables, and animals, called the three 
kingdoms of nature, has fuggefted 
to chemifts a divifion of acids' into 
mineral, vegetable, # and animal a(ids , 
according to the nature of the fub- 
jeft from which they are \>to3uced. 
The mineral^acids may be copioul- 
ly feparated, by diftillation, from 
vitriol, nitre, and Jea Jalt\ and in 
reference to thefe fubftances, they 
are ufually called the vitriolic add, 
the nitrous acid, and the marine add. 

- — The vegetable acids are either 
native, fuch as exift in lour fruits 
and plant?} or faftitious , fuch as 
vinegar and tartar, which are pro- 
duced by fermentation* To the 
voL. i, II clafs 
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daft ilfo of fa&iricuj vegetable 
'acids, may be referred all the acids 
fepirable from Vegetable matter by 
delation ; thefe generally fotain- 
ibg a burnt frndl, are called m* 
fynmatit acids : they have not hi* 
therto 'been fo folly examined as to 
be claffed into different fpecies. 
A'edmal acids are fuch as may be 
fepaj*ate3 'frOm variouaparts of ani- 
mals by diftillation ; firthey are fuch 
as bees, ants, and fome Other infers, 
Contain in proper velTels ready ptc- 
pafed,and which they ejeft in fting- 
ing. 

OF AlXALIFS. 

The term alkali is compounded of 
the Afabic particle td (the) and kali, 
the Arabic name of a maritime plant 
tftlled by us ghjfwirt, or irtarjh Jam- 
fMn. GlsfMOrt is diftiftguifhed 

by 
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by botanifts into the greater or 
lefler jointed glaffwort, fnau}*&e<Jcd 
glaffwort, prickly glaffWort, &c. ail 
of which are called kali * and from 
the afltes of them all, when "tho- 
roughly cakined, there may be 
wafhed out a fait, which is called an 
alkali, or an alkaline fait* If any 
one ihould think that the word kali 
is derived firom an Hebrew foot ol 
nearly the fame found, fignifvmg to 
burn ; tiie.n he will conclude, that 
alkali originally had reference not 
to the name of any particular fpe- 
cies Qf plants, but to the manner in 
winch a fait might be procured 
from the alhes of burnt vegetables 
in general*: and that in procefs of 
time a certain kind of plants came 
to be called kali, from its allies 
abounding more, than thofe of any 
11 a other 
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other plant, with fait j juft as Joda 
Or foude, from being the common 
name for this very fair, which is fe- 
pafated from kali, has become the 
French name for the plant itfelf*. 

Kali is not the only maritime 
plant which yields an alkaline .lair. 
On the coaft of Spain, about Ali- 
cant and Carthagena, and, indeed, 
in many other countries bordering 
on the Mediterranean, the farm«rs 
fow their lands with the fecjls of dif- 
ferent forts of maiitime plants, 
which they pluck up at the proper 
frafon, dry in the fun as we drv hay, 
and burn to afhes. About Caitha- 


gena 

* Kali Iicrbam in cinerem verfam Sett am 
appellat vuigua. Baptif. Poita Mag. Nat. 
jU vi. C. !• dtferibes the method of 
expra&ing the fait out of the afhes, and fays 
pHl out of five pounds of the afhe& the} got 

of cat. 
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gena they principally cultivate fawr 
forts of plants, barilla , gazul or alga- 
zul,/oza, and falkornia , The barilla 
yields the pureft lived alkali j each 
loocof this plant fends out a" great 
many Halles refemblir.g famphire, 
and tiling to about the height of 
four inches. The ground is much 
exhaufted by the crop, it lies fallow 
eveiy other year, and each icrc pro- 
duces about a ton of barilla*. Whc- 
thu any of our fait marfhes could 
he advantageoufly employed in this 
)vii d of culture, may deferve the le- 
i.ou> toniideration of thofe to whom 
they belong; certain it is, that plants 
winch would yield this alkali, grow 
iponuncoufly upon feveral of them. 

On the Orkney and Sal!/ ill* t , 
and on moll parts of the Britilh 
it 3 coaft, 

* Sviubutnc’s T:av. through Spain, p. 13c,. 
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coaft* great quantities of bladder 
fo'Wtsj, ynr'iea ©akViiodef * aame 
(if itf wlack^areaBouaHy burned in 
©idee to obtain an alkaline fait . The 
plants arc cut fromthe rocks on 
©tftkh they grow, or gathered from 
the beach ©nwhich they are thrown 
by the tide ; and being Efficiently 
dtiyd by the heat of die fun in the 
fmtunw feafon, they are fet on tire ; 
the fire-place is a hole in the ground* 
the alhesj to which- the plants ate re- 
duced, are melted by the violence ©f 
the fire y the melted tr.afs j$ kept in 
a flate of fufion for three or .four 
hours, it is then fuffered to cool, anti 
' when it, is f«» they take k out of the 
hole in.whkh the plants were bump- 
ed, and the operation is recom- 
menced* The folid ma£s procured 

. from 

: * Fucks veficulofus, Liantew 
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from the melting of the alhes of % 
wrack; ia an article af great ufc in 
the making of glafs sm4 foap» and jg, 
known in commerce under the name 
of kelp, or kelp ajhes; From *kelj? 
allies may be extnfefted a fait, the 
fame in every refps<£t with that, which 
may be procured from the afhes of 
kaii or glaflwort. The following 
experiment was made in otdor to af* 
ceitain the quantity of feline matter 
contained in Britilh kelp. • 

Thirty ounces of kelp fiom the 
Orknies, which had been previoufly 
pounded into a fine powder, and in 
that ftate well dried upon a hot iron, 
were boiled in various portions of 
water, till aU the faline matter was 
extracted from the afltes j the water 
containing all the' faline matter of 
the kelp was then evaporated with a 
a 4 gen tic 
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gentle hear, and the fait which re- 
mained after the water was ail eva- 
porated, was further dried, as the 
kelp had been, upon a hot iron. T he 
faline matter in that dry ftate weigh- 
ed 19 ounces. The earth remaining 
after jthe txtra&ion of the faline 
nutter being caiefully collefttd and 
thoroughly dried Upon a hot iron, 
it weighed. exa»d ly in that Hate 11 
ounces. This experiment was re- 
peated with the fiine fuccef*. 

There is a much gtcarti quantity 
oflahne matter wontaired tnhpanifh 
barilla than in llngljfli kelp, as may 
be inferred from the following tvj w 
rimenf. SpamlU barilla, as well as 
Knglifli kelp, \, mixed with leva al 
pieces of black matter j this matttr 
confifts of pieces of the plants winch 
h*ve been reduced to charcoal, but 
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not to afhes, during the combuftion 
of the 'plants. 1 pounded into a fine 
powder a quantity of barilla* the 
powder hud a greyifh caft from the 
charcoal it contained : it was dried 
upon a hot iron, and it loft by that 
operation one fourteenth df its 
weight. 1 took j o ounces of this 
lined barilla, and proceeding as in 
the analyfts of kelp afhes*, •r'obtain- 
ed it ounces of faline matter. It 
appears from hence, that there is 
three hundred weight more'of faline 
m irter in a ton and an half of barilla, 
d\in of kelp afhes. 

* It is very probable, that kelp afhes 
prepared in different countries, con- 
tain the earthy and faline parts in 
proporriorts different from thofe here 
afeertained ; yet it is worthy remark- 
ing, that the analyfis here given coin- 
cides, 
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tides, as to the earthy parti, with the 
experiments of one author, and as to 
the faHne part, with the experiments 
of another. From &S drachms of 
Itelp' allies. Dr. Home obtained xa 
drachms of earth * now the propor- 
tion of jo to 1 1 , is nearly the fame 
with that of 28 to io *. — M. Cadet 
obtained 6 pounds 3 ounces and 
an half of fuhne matter from 10 
pounds of kelp afhes, if he had 
obtained one half ounce more, the 
proportion of feline matter pro- 
cured from the kelp he examined, 
would have been almoft exaflrly 
the fame with that procured from 
the Orkney kelp which I exa- 
mined "J . I was not aware of 

the 

* Stp hi* very ingenious y on Bleach- 
p< JSl- 

f I lift de 3 ’Acad, de* Science* a Tai. 
Ann. 1767, p.448. 
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the experiments here referred oo> 
when* I undertook to afeertain the 
refpe&ive quantities of earth and 
Dine matter contained in kelp afhes, 
and for that reafon the coincidence 
may be the better relied on. 

The reader may wonder, why, in 
ipeakingf of the fait contained in 
kelp, 1 have called it by the general 
name, faline matter, in the very place 
where I was confidering it as a parti- 
cular kind of fait, as an alkali : this 
was not done without reafon % for not 
only kelp afhes, but the a/hes of kali, 
barilla, and mod maritime plants, 
befides an- alkaline fait, contain a por- 
tion of common file, and of Same 
other kinds of fait, which it is not 
necelTary'here to enumerate. Thefe 
foreign falts injure very much the 
purity of the alkali, for the obtain- 
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ing of which the plants are burned ; 
and the Brkifh kelp afhes abound 
with them fo much, that from fome 
trials I have made 1 fhould conclude, 

r 

that the T9 ounces of faline matter, 
which I had extracted from 30 ounces 
of kelp, did not contain above five 
ounces of pure mineral alkali free 
from water. The expreflion, fite 
fiom watfer, requires an explanation. 

The ipounces tlun oftahne mat- 
ter obtained from 30 ounces of help, 
were difiblved in wate r , and fiom the 
folution, when evaporated and cry - 
ftallized, 1 obtained 1 x ounces of al- 
kaline fak in very fine tranfparenc 
ciyflals. Since all attraction is mu- 
tual, it may readily be undet flood, 
that as the pat tides of water attra& 
thofe of the alkaline fait, and retain 
them in folution, fo the particles of 
1 the 
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the alkaline fait will attrad tho'fe of 
the whcer, and retain them in cry- 
ftallization. The water thus attract- 
ed fay the particles of, a fait during 
its crvftallization, is ufually denomi- 
nated the water of cryftalUzation. 

This Water of cryftallization is 
contained in differfnt quantities in' 
different faits, add it adheres to tliem 
with different dcgreewrf- force; 
though it is eafily feparated from 
mod of them, the moderate heat of 
the atmofphere being fufficient to 
evaporate it from many. When this 
water of cryftallization is evaporated 
from any fait, the figure of the cry- 
ftals isdeftroyed ; the fait from being 
a folid franfparent fubftance becomes 
an opake powder. But though a 
fait, in lofing its water of cryftalliza- 
tion, lofes its cryftalline form, it does 

not 
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not thereby lofe part of its faliae 
quality : forth tymet which is’ fepa- 
rated from it is pure stater ; artdl the 
fik, by being rediffblved tit water 
atad frcry&allized, will not only re- 
gain its former figure, but the whole 
of in weight.* * 1 

This ©biervs^ion refptd ing the 
wa for of cryftallieatkjn is not with- 
out its ofty either in medicine or 
trade. The frit known in medicine 

under. the name of Glauber’s fait. 

• # 

is one of thole which contains near 
half its weight of water, wholly un- 
oflfential to it as a frit: hence ait 
ounce of Glaubers fait, in tranfpa- 
rent cry (tab, has not more flrength 
as a medicine, than half an ounce of 
the fame frit when reduced to a 
powder, by having its water of cry- 
Baflization evaporated. The twelve 
. ounces 
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ounces of alkaline fait in queftioa 
were expoftd to a very gentle toft 
(they would haw "been melted by a 
ftrong one) dll they were reduced 
to a fine powder ; this powdch was 
dried on a hot iron, and in that ft ate 
it weighedWt quite five ounces; fir 
that twelve tons of alkaline fait in 
cryftals, is not worth more thin five 
tons of rhe fame fait, wh e n-fi r ed from 
its water of rryftallization. Kelp 
alhes appear, from thefe experi- 
ments, nor to contain above five tool 
of the alkaline fait here fpoken of in 
thirty tons of the alhes, 

l took the % % ounces of faline mat- 
ter which 1 had procured from 30 
ounces of dried barilla, and difloiving 
them m Water obtained 36 ounces of 
fine cryftals of alkali, and about 3 
ounces of a fait which, would not cry- 
y ftallizcj 
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flallize, and which was in part fea 
fait. It appears from this experi- 
ment* compared with the preceding, 
that the fait procurable from barilla* 
contains a far greater proportion of 
pure alkali, than that from kelp 
does and hence barillais preferable 
to kelp, not only from iti containing 
more faline matter in a definite 
, weight^uX from that faline matter 
being of purer quality. The cry- 
ftalline fait thus obtained, being ex- 
pofed to the fire, was quickly melted, 
and when all the water which had cn - 
tcred into the compofition of the cry- 
ftals had been evaporated, the fait 
weighed 21 \ ounces, half an ounce 
having been loft by the operation. 

The alkaline fait contained in the 
afhes of maritime plants, when ex- 
pofod to the^ heat of a glafs-houfe 

furnace. 
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furnace, lofes confiderably of it* 
weight, but in moderate fires it lofes 
nothing ; hence this £alc is called a 
fixed alkali. A pound of common 
-fait contains about half a pound of 
this fixed alkali. Common fait is 
reckoned a mineral, there beinglarge 
mines of it in moft parts of the 
world. This fixed alkali, which con- 
ftitutes near half the weigWFSF com- 
mon fait, and from the decompofi- 
tion of which it is moft probably 
produced, is therefore often called 
the mineral , fo$le t or marine fixed al- 
kali. It is entitled ,alfo to the name 
of’ the mineral fixed alkali, from its 
being met with in ibme mineral wa- 
ters, and from its being found either 
ready formed upon the furface of the 
earth, or dug out of certain lakes, 
which are.dcied up in the fummer, in 
vol. i. 1 Egypt, 
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Egypt* and other parts of the Etft. 
& is there called natron, and is fop* 
faded to he the nitre fpoken of by 
Solomon, when he compares the 
t&dk which unfeafonable mirth has 
upon a man in afflidion, tp the aftion 
of vinegar upon nitre ; “ as vine- 

gar upon nitre, fo is he that fingeth 
fongs to a heavy heart for vinegar 
* has po clfefct upon what we call nitre; 
but upon the alkali in queftion it 
has a great effed, making it rife up 
in bubbles with much effervefcence. 
This alkali has been met with alfo on 
die Pic of TeneriBe and in Barbary, 
ft>|hat it is upon many accounts pro- 
perly enough denominated, the mine- 
taljhttd alkalt. 

The alhes of moft other vegeta- 
bles} as well as thofe of maritime 
plants,' yield a fait which has many 

pro- 
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-properties in common with- the ml* 
neral fixed alkali s but dot haring all 
the properties of that fak, it has, 
the fake of perfpicufry, been t^fled 
the vegetable fitted alkali. Both the 
mineral and the vegetable fixed al- 
kali* are prepared by boiling the 
alhtts, to extrad, the fait from the 
earth $ the water containing the fait 
in folution, is then evaporated fb as* 
to leave the fait dry. From this 
manner of preparing them, thefc frits 
have been often called lixhial falw, 
lix and lixivium both fignifying a ley 
made with afres. The operation of 
evaporating the water is performed 
in Urge iron or copper pots; and 
from this circumftance theie alkaline 
falts, efpecially the vegetable fixed 
alkali, have come under the name 
of 

« ft 


Great 
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Great piles of wood are, in jnany 
countries, burnt for the exprefs pur- 
pofe of obtaining pot-alh. Prom the 
following experiments, fome notion 
may be formed of the large quanti- 
ties of wood which rauft be burned, 
in order to obtain eveua/frnall por- 
tion of pot-alh. 

I defired a friend In Eflex, who 

had plenty of dry oak billets, to af- 

eertain the quantity of alhes which a 

certain weight of the wood would 

yield. He made the experiment with 

every pOflible precaution, and from 

10 6 pounds, avoirdupois weight, 

of dry peeled oak, he obtained 19 

ounces of allies. 'I treated thcfe alhes 

after the fame manner in which 1 had 

« 

endeavoured to afeertain the propor- 
tion of earth and faline matter in 
barilla, and kelp alhes , and from the 

19 
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1 9 ounces obtained rather more 
than one ounce and a quarter of fa- 
llrte matter. From feveral rcpecfc 
tions of the experiment with afhes 
of the fame kind k may be »con- 
eluded that 1 5 ounces of thefe a flics 
contained' 14 ounces of ea»$h» not 
foluble in water, and 1 ounce of 
faluie matter : from this proportion 
it may ealily'fe collected .jjut above 
1300 tons of dry oak, and probably 
above 1800 tons of preen oak, mufl 
be burned in order to obtain o nr 
ton of pot-aflh. 

The makers of pot-alb generally 
buy the wood albes by the bufliel, 
and fell the pot-afh by the ton j but 
as the afhes of different woods. And 
indeed of different parts pf the fame 
wood, probably contain very diffe- 
rent portions of faline matter; it can- 
• 1 3 ‘Odt 
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not be expe&ed that we fliould have 
any very uniform accounts of the 
number of bulb els of afhes requifite 
to make a ton of pot-alh. Some 
dealers in this article are of opinion, 
that a ton of pot-aih may be pro- 
cured 'from 400 bufhels of attics j 
others, from 4 50} others, from 560 
of the beft afhes ; and others, laftly, 
from 7oO r trafhels, at a medium, of 
good and bad afhes 1 find that a 
buttle 1 of the dry afhes which are 
fold by the country people who bum 
wood to our foap- makers in Cam- 
bridge, weighs at a medium 48 
pounds: hence, fuppofing eveiy 15 
pounds of fuch aihes 10 contain t 
pound of fahne matter, it will fol- 
low, that 5 So bufhels of fuch afhes 

would 
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would t give i ton of faline matter*' 
This correfpondcnce with the ac- 
counts given by the pot-alh makers, 
confirms the analyfis of the oak 
* aflxes before mentioned. 

Under tWe direftion and patronage 
of the Society for the Encourage- 
ment of Arts, J\lanufadures, and 
Commerce, large quantities of pot- 
ato have been made in America fince 
the year 1763; and it would be a 
great faring to the nation, if it 
could be made in fufficient quanti- 
ties in any part of the dominions 
of Great Britain, fince we aie reck- 
oncd to pay to Rufiia, and other fo- 
reign ftafes, not lefs than one hun- 
dred and fifty thoufand pounds a 
year for pot ato * . We have mex- 

hanftitle 

* DdCie’s Mcni. of AgricuL. VoL I. p, 24!* 
x 4 
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Hauftifate mines of, rock fait iiv tbis 

^ > ’ jjf ‘ - 

country which the proprietors can 
afibrd jt t e ft illings a tom A ton of 
rock fait, as Has been before obferv- 
ed common fait, contains about 
Haif a ton of minefal alkali, which 
is for^moft purposes far preferable 
to pot- aft. If a method could be 
contrived of extracting this alkaline 
part froqj. rpck fait, it would be a 
moft fervjceable, difcovery. To 
thofe who have ieifure to attempt it, 
Iwould give the following hint— 
Whether the alkaline .part of rock 
fait may not be obtained by cal- 
cining it in conjunCUpa with char- 
coal in open fires ? My reafon for this 
conjedurc is founded on “the fol- 
lowing experiment : ^Upor* burning 
fea wrack to a black coal, and 


topping the procefs at that; pointy 
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f have obtained great plenty of 
common fait, but no mineral alkali 
from the black alhes; though we 
are certain, that when the black 
• alhes are thoroughly calcined* or 
reduced to -white, alhes, mineral al- 
kali- may be omained frorxr them. 
This makes it probable, that the 
common fait contained in the black 
alhes of fea wrack, is deoompofed, 
and changed into a mineral alkali, 
during the burning of the black 
alhes. There are reafons to fuppof# 
that the cinder of pit-coal would 
anfwcr the purpofe better than char- 
coal. But to return. 

Tartar is a vegetable production, 
which forms itfelf on the fidcs of 
calks in tfrhich new wine is put $ it is 
of a folid confiftency, and is thence 
called by the Germans, wine-ftone 

(wyne- 
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(wyne-ftein) : this fobftance, when 
burned to afhes, yields a eery pure 
vegetable fixed alkali, called fait 
of tgrtsr. 

The reader is defied to diftin- 
guilh between rngpw of tartar and 
fait of tartar j they are both falts, 
but not of the fatpe clafs. Cream 
of tartar is an acid, and is prepared 
from tartar by diiToJylng it in water, 
and cryftallizmg the folution. Salt 
Of tartar is an alkali, and is prepared 
from taitar by burning it, the acid 
being probably changed into an al- 
kali by the fue. 

Salt of tartar, as well as all other 
vegetable 'fixed alkalies when pure 
(for when purified thc/aic all the 
(ame), attracts veiy lliongly the hu- 
midity of the air, and thereby melts 
a* it were into a liquor, which from 
4 its 
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its being procured ill this Angular 
way, and from its having alio ait 
un&uous appearance, though it has no 
other property of an oil, has been 
* called Oil of tartar for dsliquism. If 
you fpread * little fait of tartar, or 
eve rr common pot-afh qg a plafe, and 
expofe it to the^ air in a cellar or 
other moift place for a few days, you 
will fee the whole of it Kltrtbft melt- 
ed away into a thick tranfparent li- 
quor, weighing near four times as 
much as the weight of the fait you 
expofed. The mineral fixed alkali, 
expofed in the fame way, will not be 
changed into a fluid} and this is one 
mark by which the mineral and ve- 
getable fixed alkalies may be diftin- 
gui ihed from each other. Both o£ 
thcl'e fixed alkalies change the blue 
colour of fyrop of violets into a green, 

and 
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and by this property they are diftin- 
guifhahle ftotp acids, which give a 
red colour, as well as by their tafte, 
which is cauftic and fieiy, every way 
vefy, different from a four tafte. They 
bubble up alfq or efffrvefce when 
mixed with acids, as- may be feen by 
mixing ledftn-juice and fait of tar- 
tar together. This effcrvefcence pro- 
ceeds from, the difeharge of an elaf- 
tic fluid, called fixed air , but it can- 
not be faid to be chara&enftic of al- 
kalies *, fince chalk, marble, l*»nc- 
ftone, and other earths and flones not 
foluble in water, contain a large por- 
tion of fixtd air, and, when mixed 
with acids, effervefee as much as 
fixed alkalies. From this property, 
thefe earthy and ftony fubftances 
have, in manf fyftems of mineralo- 
gy, been called alkaline earths and 
flones. . Befides 
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Befidfs the fixed alkaline fairs 
ftjparablc from the aflies of maxi* 
time plants, . and other vegetable 
fubftances, there is another fpecies 
t>f fait feparable chiefly from ani- 
mal fubftances, aS* from urine, 
horns*, bones, &c. by diftiiration. 
This Xalt effervefcys with acids, and 
gives a green colour to vegetable 
blues, .and it is from hence called 
an alkali^ but being eafily diffi- 
pated in a fmall degree of heat, it 
is called a volatile alkali. By this 
great volatility it is fufficiently dif- 
tinguifhed from the two fixed al- 
kalies, as well as by the pungency 
of its fmell; fixed alkalies, when 
♦pure, having no fmell. 


‘ 0 * 
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or xjRrmi salts, * 

, Kdwi) files lure diftinguifhed 
both ;from acids and ' alkalies by 
ikefe tafte, which is neither four, 
nor cauftic, by their apt effervef- 
ra$«g vrth adds, by their not pro- 
ducing any change in the colour of 
iyrpp of violets. Of this kind are 
common. fa|t, Glauber’s fait, fait- 
jgftre, and * great variety of Others. 

< Ajtyr add, when .united with any al- 
kaU in ftich > proportion that the 
oomjpound does not poffefs any of 
lie chara£eriftic properties of ei- 
ther of its component parts, is a 
neutral fait. ,The term neutral wa$“ 
feft applied to a Alt formed by an 
union of an acid and an alkali ; but 
'It has now a more extertfive fignifi- 
-catioa, denoting the felt formed by 

the 
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the union of an acid with any alkali 
earth, 'or metallic Tbp? 

fubftance with which th* add enit$* 
itielf in the formation of a neutral 
Jilt, ia often called the bqjts of $kk 
fait. 

The following tables of Alts yffl 
help to fix in the reader’s mind 4$ 
general divifion of Aline fubftwua% 
efpecially if he will be at the tfbu* 
ble to familiarize httnftlf to the 


names, by procuring from h» drug* 
gift fpecinaeaa of die fereral kinds, ' 


A Table « 
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It may not be improper in this 
place, to mention two proportions 
muchjnfifted on by chemical writers 
of die greateil eminence, but which 
ftjjpeajr to be founded rather on pro- 
vable cpnjefture than certain experi- 
ment.* ' The firft is, that the vitri- 
'riif arid is the only fal'me principle 
in nature, all other acids and alkalies 
being nothing but combinations of 
this univer/a! arid with earth, air, 
oil, and water, in different propor- 
tional The feeond is, that the vi- 
triolic acid Ufelf i» a compound 
body, formed /rom an intimate union 
o {'earth and wakr. .The pofRbility 
of the truth of Kfce firfl. propofition, 
which alferts, that one fobftance 
may be fo combined yrirh feveral 
others as to conftitute a great variety 
of different- comppunds, may be il- 
& luffrated 
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Kftratejl from what we know, of 
water ; which is the chief conilitu* 
cnt part of- bodies in appearance 
very 'different from each other, *a» 
mf blood, urine, milk, wine, wood, 
coal, &c, yet the marine add teems 
to be as abundantly diluted over 
the earth as the vitriolic ; and can- 
not, I think, be fiud to^be .derived 
from it. As to the fccond propor- 
tion, though we ihould grant that 
nothing bin earth and water can be 
procured from the analyfis of an£ 
fait (which, confldering the lofs 
fuftained almoft in every analysis, 
from the efcape of £pme elaftic fluid 
which cannot be condcnfed, cannot 
readily be admitted ) ; yet as no one 
could ever form a fahne fu bilance 
by untting earth and water together, 
we may fairly doubt concerning its 
’ Kz truth 
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truth: this doubt, however, is not to 
be underftood as a denial. The fum 
of the matter is this ; earth and wa- 
ter cannot be formed by us into fa- 
line* fubftances : nature may have 
different modes of combining them, 
lb as te produce the efled ; or na- 
ture may, in' producing die efFed, 
make ufe of a third *or a fourth prin- 
ciple. , Ic muff be left to future ex- 
perience to Amplify our knowledge 
concerning faline fobftances, as well 
as concerning thofc fluids which pro- 
duce magnetifm and eledricity, and 
all the various phenomena attending 
mineral exhalations. 


ESSAY 
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.or FIR£,SVLPmiR, AKDratOOlSTOW. 

F IRE is fo fubtrle an agent in 
nature, that we can reafon lit- 
tle concerning it, except from ex- 
periment ; and we are even at alofs 
from thence to determine, in many 
sales, either its abfolute quantity 
or real prelence. If, with the gene- 
rality of philofophers, we aflame 
heat as its charas&eriftic property*, 
and define fire to be that which 
warms or heats bodies, we cannot 
avoid fceuig, at once, the ambiguity 
of tnis criterion: it is as precarious 
as the perceptions of different men 
K3 at 
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at the fame time, or of the fame 
man at different times, in fummer 
tod in winter* in a fever and in 
health. The light of the moon, 
when colle&ePlftto the focus of a 
large burning glafs, is found to be 
about one thoufand times lefs denfe 
than 'the dirett rays of the fun : 
hence it is, that it excites no mo* 
lion in the mercury of the mofl 
fenfibie thermometer. But from the 
brightnefs of tfie image in die focus, 
as well as from the luminous ap- 
pearance of rotten wood, putrid fifb, 
and other phofphorefcent bodies, 
fome philofophers have inferred, 
that wherever there is light there is 
fire : but as die converge of this pro- 
portion is not true, fincc fire often 
exiils in large quantities, as in boil- 
ing fluids, in ipetals moderately 
*• % heated. 
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heated, &c, without light; this can- 
not be a diftingwilhing tnatk of,the 
prefence of fire. The dilatation vrhich 
fire occafiohs in all bodies, whether 
folid or fluid, hard or foft, light or 
heavy, may be efteemed the moft 
certain proof of. it* prefenpe and 
agency. This property fcrves admi- 
rably to mark tt$ degrees and mi- 
nute variations withig cfrtain li- 
mits, but not to*afcertain either its 
prefence or its quantity in extreme 
cafes, unlefs we know the real mag- 
nitudes of bodies totally deftitute 
of it. However, admitting this 
phenomenon as the mod; certain in** 
dication of the exiftence of fire, it. 
may be* accounted for in the follow- 
ing manner : 

From the 14th fe&ion of Sir Ifoae" 
Newton's Priniipia , we learn, that 
K 4 the 
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the motions of fmall bodies, when, 
artn&ed perpendicwlaily towards 
any furface* accoiding to any law, 
are iimilar to the motions of the 
rays of light, with :efpc£l to the 
fundamental properties of Inflec- 
tion, t Refle&i®n, and Refrafhon: 
from hence chiefly, as well as Horn 
other arguments, we infer, that rays 
of light are /mall torpufdes, emit- 
ted from finning bodies, and moving 
with uniform velocities in uniform 
mediums $ but with variable velo- 
cities in med'ums of vaiiable den* 
fities. Th s being admitted, it will 4 
follow, that m whatever tjuamity 
* the rays of light arc made to move 
in. a medium of an uniform denfity, 
they will not agitate the particles, 

> or produce any augmentation of 
built in that medium. If the atmo- 

fphere 
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fphere trei mddceti eo a medium of 
an uniform denfity, furrounding |he 
earth every where to the height of* 
tive miles, ' it would expanded 
in bulk, or warmed only at its Out- 
ward and inward furface. The fun’fc 
rays* by coming out of a vacuum 
into a denfer medium, would be 
attra&ed by the particles campofing 
rhat medium: and, fiitfe all attrac- 
tion is mutual, they would exute a 
motion, an expansion, an heat, at 
the outward furface where they en- 
tered j from thence they would pro- 
Kced uniforn ly, without producing 
afty effeft, till they came to the in- 
ward furface of the atmofphere con- 
tiguous to the furface of the earth, 
where they would undergo another 
acceleration of velocity, and would 
excite another degree of motion, 

another 
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ato^er degree of expanlloa or heat. 
Such an atraofphefe would be the 
cddeft ia the middle, the beat de> 
ewafing from each farface. We may, 
perhaps, from what has been faid, 
conceive, in fome meafure, how 
bodies are expanded, heated, and 
volatilised, by the agency of the 
particles of light. Theft particles 
ad upon the minute confUtuent 
parts of bodies, not by impad, but 
at feme indefinitely fmail diftance ; 
they attrad, and are attraded 5 and 
In being refieded, or refra&ed, they 
excise a vibratory motion in th<P 
component particles. This motion 
increafes the ditUncc between the 
particles j an incrcafe of the diftance 
between the conftituetrt parts of 
any oody, is an augmentation of 
bul^'hn expanfion in every dimen- 
1 Con, 
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fion,— the moft certain character ifth: 
of fir<v This expaafioo, which is 
the beginning of a difunion pfjthn 
parts, being increafcd by the ip* 
creating magnitude of the vibra* 
“tions proceeding from the continued 
agency of die light, k m»jr eaflljr 
be apprehended, that the panicles 
will at length vibrate beyond their 
fphere of mutual attraftion, and 
thus the texture of the body wUl 
bt altered or deftroyed i from folid 
it may become fluid, as in melted 
gold; or from being fluid, it may 
I, be difperfed in vapour, as in bailing 
water. 

According to this theory, we muft 
infer that the canftituent parts of 
all bodies ate in perpetual motion. 
The temperature of the atmpfphere * 
is different in different latitudes, and 

* * 
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it change almoft erery inftant; in. 
the fame. Thctempcracureofbodies 
is iw proportionable to that of the 
furrounding atmolfchete, and from 
thehce it muflr be perpetually vary- 
ing. The bulk of every body is pro- 
portionable to its temperature, and 
mull therefore be fubjeft to a per- 
petual vicifHtude. Now the body 
will be in an expanded, In the next 
inftant, its heat happening to be 
diminilhed, it will be in a contrafted 
flatCi which variation of dimen- 
fions cannot be effected without a, 
perpetual vibratory motion of its- 
conftituent parts. 

It being eftablilhed then, that the 
rays of the fun, even in their moil: 
condcnfcd ftate, as in the focus of a 
' burning fpeculum, do not otherwife 
produce heat than as they excite a 
* motion 
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motion more or left violent amongft 
the confticuent parts of bodies* and 
the effects of culinary fire, of that 
produced by friftHun* or by the im- 
pact of hard bodies, being fimiiar 
to thofe produced by the agency of 
the fun’s light, it may be conjec- 
tured, that they are produced after 
a fimiiar manner; and that fire 
is nothing diftinct fgom # thej>am of 
bodies put into motion by varit, us 
caufes, as the impulfe of light, fric- 
tion, pcrcufijon, putrefa&ion, attrac- 
tion of cohefion, &c. and confe- 
quendy that it may be mechanically 
produced, altered, or deftroyed in 
all bodies, with greater or lefs faci- 
lity, according as the parts of the 
body are more or lefs difpo&d for 
motion. 

This condufion feems to be con- 
7 y fonanc 




lies upon iightm eiiotf- 

%j 

h<&tiffg tfeeffi, 4nd j&ttlng their parts 

I^tcf a 1 * vibrittsr^ thotion, whfereila 
h&atconfiflis? 

“•’•'‘iftiere are various other Opinions 
concerning thi’hiti^e^fire aird' its 
method of aftioii, Wfcith, though dif- 
fjj&eriit frorn whit has been offered, 

' afe- W left probes: f 'wiif'W- 
tent ihyfelf with iftcmionirig two 
pSb ^' 1 /"'*'■ •• ' 

• BoetfeU'iWS thinks that fire is a 
' Of a. nature peculiar to itfelf# 
.Jthat it W creatied fuch ‘as it is, ahd 

.cannot 
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cannot be titered in its nature* 
properties, deftroyed at produced* 
that it naturally eitifto m eq*al quao- 
cities in all places j chat it is wholly 
imperceptible to our fades, and only 
difcoverable by fuch efiefts as it pro- 
duces when by various eatdcf it la 
for a time collected into a Ids ipace 
than wfyat, fromdts tendency to an 
univerfal and equable diffufion, it 
would otherwife occupy. All the 
bodies which are lituated 4a the itn- 
menfity of fpace, may, according to 
this opinion, be divided into fire ex- 
panding all other bodies, and into all 
the other bodies which are not fire, 
but refill its aft ion. The matter of 
this fire is* not fuppofed to be derieed 
from the fun in any wife * the fohr 
rays, whether direft or reflefted, ate 
of ufe only as they impel the particles 

of 
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txffire in parallel dire&ions : tliatpa- 
ralklifm beingdeftroyed, by -inter- 
cepting the folar rays, the fire in* 
ffcandy refumes its natural fiats of 
uniform difibfion*. Cpnfificnt with 
this explication, which, attributes 
beat to, the matter of fire, when, dri- 
ven in parallel djie&ions, a much 

' ' greater 

* Poflent omnia ^orponi locata in ipatio 
immenfo divldi in ignem expandentem om- 
nia reHqua corpora, et in Csetera unheifa 
corpora qu# non font ignM-~-Igncm il- 
lorn temper cSc ubique piaefcntera, twit m 
‘ pfcno corporeo pLemJEma qium in va<u« 
inan$irao~^Igncm faunc seqtmhihf&me dif- 
irfbtti ta«idia» qnamdtu non caufi 

finguhm m loco certo ignem hunt thiptr- 
fum cofligrtw— ~Igntm faunc non the a 
foie quoad materhm alio modo — Vim igm* 
a fofe deUraanatam in reft a* parallefeb re- 
saaaert in omai tempore, quo emanatio vet 
reflexio durat-— w— intetcepta re&itudine ra* 
diorum a foie, ignem in paralleiifmum agen- 
t$am» lUko ceflat ille parallcUfouw, atque 
fbtita illo ijpfo memento ignh par tea txpan- 
dUittifcr tequabilAer quaquaverfora.-— Bocrh* 
Chem* Vol. L 



( ) 

greater muft be given it, when the 
quantity To collected, is amaffed into 
a focus ; and yet the focus of the 
largcft fpeculum does not heat the 
air, or medium in which it is formed, 
but only bodies of denfities different 
from that medium* • 

The author of the Ltttr-es Phy- 
fiques is of opinion, that the Tolar 
rays are the principal caufeof heat; 
but that they only heat fuch bodies 
as do not allow them a free paf- 
Jjf’je *. In this remark he is agreed 
\mh Newton f: but then he differs 
totally from him, as well as from 
Boerhaave, concerning the nature of 

* Les rayon* da fi'kil n’cehiuilent les coips 
t,a’ r-iunt que les coips ne kur accouknt tin 
ljbrc pafTagt a traven. Lett. Phyf. 

f Radii foils non agitant media qu* pcrma>* 
mint, nifi in reflexione et refraftione. Newt. 

vot. i. L, the 
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the ray* ef the fun. He does not 
admit the emanation of any 1 lumi- 
nous corpufdes from the fun, or 
otfttr felf-fhining fabftances, but fup- 
pofes all* fpace to be filled with an 
asther of great elafticity and fmall 
denfity, and that light confift* in the 
vibrations of this atber, as found 
confifts in the vibrations of the air , 
the panicles. of the one medium ex- 
citing , by impulfe -upon the organ 
of vifion, the idea we call light ; the 
particles of the other medium ex- 
citing, by impulfe an the organ of 
hearing, the idea we call found*. 
But as a bell will no t of iefclf begin 

thofe 

* 1* lamia* Httre dwfetju’ ane agi- 
’ tatkn «i chanlemeat cau»£ daw les parti- 

'ft&s 4t ¥ ethcre «j»i ft treme part out. 

a dose ricn qoi view* a&uelkmeat du 
gR jttfcju’i aoue. Lrt.Pby. 
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thofc vibrations by which the fir. is 
put in motion, nor continue with 
equal intenfity the vibrations, when 
once excited, without the concur- 
renceof fome mechanical cauie ;* fo 
neither will the fun either begin or 
continue his vibrations, by t which 
thefuppofed aether is put in motion, 
without a fmv.Ur mechanical agency. 
In afcendmg from efle&s tp cauf^s 
.\e muft ever arrive* upon whatever 
h/porhefis we proceed, at fome fir# 
, aufe, which does not admit an ex- 
planation from mechanical princi? 
pies ; tins is evidently the cafe in *&£ 
prefent inquiry. Upon Newton’s 
iuppofition, the caufe by which the 
particles 6 f light, and the corpufdes 
vconftituting other bodies, are mutu- 
ally attra&ed and repelled, is uncer- 
tain. The rcafon of the uniform 
1 2 difFufwn 
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d$fufion of fire, of its vibration, 
Arid rcpercuffion,,' as ftated id Boer- 
haare’s opinion, is equally inexplica- 
ble ; and in the laft mentioned hypo- 
thecs, we may add to the other diffi- 
culties attending the foppofition of 
an oajverfal sether, the want of a 
firft mover to make the fun vibrate. 
Thcff are the opiriions moft worthy 
of notice, • concerning elementary 
■fire 5 and of thefe it may be find, as 
Cicero remarked of the opinions of 
philofophers concerning the nature 
of the foul — barum Jententiorum 
qua vera Jit, Deus altquis viderit , qtue 
verifimillima , magna qxejlio ejt *, * 

Bur 

* The reader who is defirous of making a 
deeper inquiiy into this matter, may confult 
a very ingenious *ra&, entitled. Experiments 
and Observations on animal Heat, and the 
lafiammation of combuftible Bodhs* by Ur, 

Ciawfoid: 
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But befidcs this elementary fire, 
which chcmifts conceive to be every 
where uniformly diffufed, they are 
of opinion that fire enters, in dif- 
ferent proporcipns, into the compo- 
fition of ali vegetables and animals, 
and snoft minerals j and in th^t coti- 

denfed, compared, fixed ftare, it has 

• 

v\ afford* pnd Mr. Scheele*s Tixperimcntfc 
»m Air and Fire, tranfLtted* froA the Oer- 
tr. xn by Dr. Forftcr, and iHuftrated With judi- 
cious notes by Mr. Kirwan / apd a late work 
jf Walierius’, entitled Meditations dc l)iig. 
Murui. 

May not the common degree of h^at which 
^rlfca fioin the mixture of different quantities 
of the fame fluid heated to different degrees, 
be inveiKgatcd by the fame rule, by which 
the common wlocify of hard or non-claftic 
bodies, after their impa& in the fame direftion 
b calculated, putting the moment m * of beats 
to be equal to its degree multiplied into the 
quantity t>f heated matter ? 

ju 3 beci* 
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been denominated the pblogijlcn. 
Of itfelf, in its natural Rate of un- 
combined expanfion, fire is not tf- 
teemed capable of finning, or burn- 
ing : when chemically conjoined 
with the other principles of bodtes, it 
is that Hone which conceives and con- 
tinues thofe motions by which bodies 
are made to fhinc, to burn, to con- 
ftime away. All bodies are more or 
lefs fufceptihle of con .bullion, ac- 
cording to the quantity of this princi- 
ple which enters into rheir tompj- 
fition* or the degree of force with 
which it adheres to them. In the aft 
of burning, and it may very probably 
be during the fermentation, and pu- 
trefaction, and chemical folutioni of 
various bodies, it recovers its fluidi- 
Vf » is expanded and difperfrct into 
the air, or combined anew with fuch 

Jubilances 
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fubftances as it has an attraction to. 
Notwithftanding all that perhaps can 
belaid upon the fubjeCt, I am fcnfi- 
ble the reader will be dill ready to 
$fk — what is pblogift on ? You do'not 
furely exptet tiut chemiftry ihould 
be able to prefent you with a hand- 
ful of phlogifton, feparated from an 
inflammable body j you may juft as 
rrafcnably demand a handful of mag- 
nenfin, gtavity, or electricity, to be 
extiu fled from a magnetic, weighty, 
or electric body. There are powers 
in nature winch cannot otherwife 
become the objects of fenfe, than by 
the tffeCls they produce and of this 
kind is phlogifton. But the follow- 
ing experiments will tend to render 
this perplexed fubjefk fomewhat 
moie clear. 

If you take a piece, of Jultfm 
1 4*. and, 
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and fet it on fire, it will burn„intire- 
ly away, without leaving any allies, 
or yielding any foot. During the 
burning of the fulphur, a copious 
vapour, powerfully affecting the or* 
gansof fight and fin ellwand the ac- 
tion of the lungs, is difperfed. Means 
have been invented for colled! ing 
this vapour, and it is fouAd to be a 
very ftrong acid. The acid thus 
procured from the burning of ful- 
phur, is incapable of being either 
burned by itfelf, or of contributing 
towards the fupport of fire in other 
bodies i the fulphur from which it 
was procured was capable of both : 
there is a remarkable difference then, 
between the acid ptocured from the 
fulphur, and the fulphur itfelf. The 
' acid cannot be the only conftituent 
part of fulphur $ it i| evident that 
« 3 Jometh'vng 
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fomething elfe muft have entered into 
its competition, by which it was ren- 
dered capable of combuftioji. This 
fomething is, from its moft remask- 
able property, that of rendering a 
body combuftible, properly enough 
denominated the food of fire, die 
inflammable frindfle, the pblogifton. 
From this analyfis we may con- 
clude, that the con’fbitiient* parts of 
fulphur are two ; — an inflammable 
principle^ -which is difperfed in the 
aft of combufiion, and an add . The 
proportion of thefe parts has been 
afeertained ; and it is found, that in 
any mafs of fulphur, the weight of 
the inflammable principle is to that 
of the acid in the proportion of 3 to 
50*. 

If 

* The experiment from which this pro- 
portion is derma, is fold to have been made 
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If f oo bum tbarceal in she open 
Ur, aftd hold a giafs over its* flame, 
you will perceive that it burns with- 
out emitting either any watery va- 
pour or faoty impurity ; and nothing 
wiB wmain, from a large portion of 
Charcoal, but a fmali portion of -white 
aflves, which- are incapable of any 
further combuftiom The principle 
cffe&ing the cotnbuftion of the char- 
coal* and difperfed by the aft of com- 
buftion, is the phlogifton. 

If you fet /pints of wine on fire, 
they will, if pure, bum intirely 
away, j tiey differ from charcoal in 

this, 

by M. Brandt witft £reat accuracy about th' 
ygir 1756. Spielm* Chem.p. in. and Chem. 
Di&.^Newmwm from a fnnihr expeument 
infers, that in 16 ounces of fulphur, thtre are 
upwards of 15 J ounces of pure acid* and not 
quite J of an ounce of the inflammable jyin* 
opk. Newm. Chem* p. 3 68 . 
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this, that they emit a vapouft but 
they leave no refid utitti. You may by 
proper veffcls colled the vapour of 
burning fpirits, and you will find it 
to be an ipfipid water,, incapable of 
com bullion. 'Fhe principle effed- 
mg fhe combuftion of the f$um of 
vine, and difperfed by the ad Of 
combuftion, is the phlogiflon. 

Some metallic Jubftandes burn*Vhen 
fufficiently heated, with a flame 
more bright chan that of fpirits of 
wine, or charcoal; others burn or 
Another away like rotten wood j and 
mod of them, when they have been 
kept in the open air in a proper de- 
gree of beat, lofe their .metallic ap- 
pearance, and aie converted into 
earth. Thus red lead is the earth pro- . 
cured from the burning of lead ; and 
putty, fuchas the polifhcrsof glafs and 

marble 
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nmrbk ufc, is the earth procured 
fifcttt tin. The principle effeding the 
combuftion of metallic fubftances, 
and difperfed in the ad of corobuf- 
akJn, is the phloglfton. 

The add of the Jufyhur j the ajhes 
of the' charcoal i the water of • the 
fplrits of wine \ the earths ef metallic 
fulfiancety are utterly incapable of 
eomffclfttoa:. their refpedive dif- 
ferences from fulphur, charcoal, fpi. 
rits of wjne, and metallic fubftances, 
with refped not only ro infiamma 
bility, but to fmcll, colour, confifl- 
ency, and other properties, are at- 
tributed to the phlogiiloa which is 
difperfed during the combnllion of 
each of them!. 

This inflammable principle, or 
phlogifton, is not one thing in ani- 
mals, another in vegetables, another 
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^minerals, k is abfolutely the fame 
in th<fm ail j juft as water which en- 
ters into the competition of flefh* 
wood, coal) is fti|i Water, though its 
exiftence and homogeneity be hen- 
'dcred more doubtful in fome fub- 
ftanpes than in others. Tfy* iden- 
tity of phlogifton may be proved 
from a variety of dettifive experi- 
ments; I will feledt a few, which may 
at the fame time confirm what has 
been advanced concerning the con- 
ftituent parts of fulphur. 

From the analyfisor decomposition 
of fuiphur effected by burning, we 
have concluded, that the conftituent 
parts of fulphur are two — an add 
which may be collected, and an /«- 
flammable principle which is difperf- 
ed. If the reader has yet acquired 
( any real tafte for chemical truths, 

he 
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he will wife *0 fee this analyfis coffll 
firmed by fynthefis ; that is, in com- 
mon language, he will wilh to fee 
fulphur a&ually made, by combining 
itS'acid with an ti&flammahle princi- 
ple* It feldqjn happeni that che- 
mifts can reproduce the original bo- 
dies, though they combine together 
all the principles into which they 
have smalyfed them j becaufe nor 
only the number and proportions of 
the principles* but the order alfo of 
their arrangement rauft be obferveU 
before that can be lefftr&ed ; in the 
inftanre, however, before us, the re- 
production of the original fubftanGe 
will be found complete. 

As the inflammable principle can- 
not be ‘obtained in a palpable form 
feparate from all other bodies, the 
only method by which we can at- 
7 tempt* 
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ttmpt to unite k with - the acid of 
fuiphur, rouft he by .prefer* ting to 
that, acid fane fubftaoce in which it 
is contained.. Charcoal is filch a 
fubftaoce, and by diftifliog powder- 
ed charcoal and she acid Of fuiphur 
together* we can procure a true yel- 
low fuiphur, in no wife to be diftia- 
guiftied from common fuiphur. This 
fuiphur is formed from .the union of 
the- acid with the phlogifton of the 
charcoal j and the charcoal may by 
this means be fo entirely robbed of 
its phlogifton, that.it will be reduced 
to allies, as if it bad been burned. 
Animal fubftances reduced to the 
Hate of a black coal, will, by being 
treated jn the fame way, yield fui- 
phur. 

Spirits of wine, we havefaid, con- 
of phlogifton united with water j 

and 
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and if we diftil a mixture of fpirifs 
©f wine fend the acid of fulphur, we 
(hall towards the end of the opera- 
tion obtain a pufe fulphur. 

*Oil of turpentine is foery inflam- 
mable, and coOfocfuently abounds 
with die prinripk which has been 
denominated phlogillon j and from a 
diftilUtioh Of acid" of fulphur with 
oil of turpentine, a fulphur may be 
procured. 

But one of the (horteft and moft 
obvious ways of illuftrating both the 
compofuktu of fttiphur and the phlo- 
glfton of metallic fubflinces, is the 
following.— Upon melted lead pour 
the acid of fulphilr j collc£fc the va- 
pour which will* arife, by holding a 
very Urge glais or other vcfiel over 
the melted lead, and you will, as foon 
as the vapour is condeftfed, obterve 

feveral 
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fcvcral41*menr* of lulphor flicking 
<co the fides of the gUfs, — When 
■lead t$ in a* flare of ftro«% fufivn, . 
its phtogiftoo is jo a ftate of du* 
jfcrflopl d& acid of foJpMr 
taneoufty unites itftlf with thi? phlo- , 
gifton; and forms* ful pher. li \» pro- 
bable, that fuJphftjjr might be pro- 
cured by the fame .means, from a 
variety of other bodies* when, in a 
ftate of a&ual c^mbuftion. 

* 1 will id this pieces by way of fur- 
ther iliuftratioo of the tend pfclogif- 
ton, add a word or two concerning 
the neceflSty of its union with a 
metallic earth, in aider to eonftitute 
a mefal, * 

Lead, it has been obferved, when 
melted in a ftrong fire, barns away 
like rotten wood; all its properties 
as a metal are deftroyed* and it is 
vsl. i. M reduced 
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•fees «fW to*ft»flgfire, they 
sritt wnfm b«c the melted foWUncc 
wM m be * mmk & wSl be * 
yellow jfefo. df 

.you99^^^i%^«nis«wkh 
charcoal deft, 0^700 mix tbeafliea 
of the lead amhchareoal led 

expofo ektor OBhctere to a melting 
hep* yae will «btiift» not * jjA^r, 
but a«#f#A ia wi^ht* colour, cm*- 
fiftenej, and ewtfy ether property 
the fame e* tari^ Thli operation, 
by which a meialjk earths reftored 
toit* mctaUic form, is v c*lkd Redut- 
Imr. Thcafhesof lead meked te*fhi. 
mir charcoal become ^Aj/is the aflies 
0f lead -melted mitk charcoal become 
*Wt*i i the charcoal then muft hare 
eomomnlcated Jmttbvtg t» tbekftes 
•f lead, # by hhich they are changed 
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tat ^4 gi*fc «* « MMdk'f €kwM 
eoafiftt botoftwo thing*, of NMb* 

and of jtMfta) tbeejiwOf efcir* 
rod, timfjt h «bi«d tfftk tjhetffiUft 
of tead« mewl# onl^fNKJoce j 
k mytfc tbdrefcrebe t^dcheteOidW* 
tueot part of dittoed, m phtagidoit, 
wiftich i> taetaeitod *© ttaiM* 
of lead, ami bp tut mta ewtfc‘*Mdh 
die »fi»e*stt itimfed to their taftlHc 
form. The *fhe*ef lead <«*n oevfer 
be rcx&ced'so t^eir ifrttiUfr <brot, 
without tMKr befogmniied midi tae 
matter eottttioittg phjbgitaj *pd 
they may be reduced to their ‘ me- 
tallic form, % being united with. 
any fubftance consaitfiog phlogiften 
in a proper ftatf, .whether that fub- 
ftance be derived '‘front the aoi-* 
mal, vegetable* or mineral kingdom 
(for tftUow> or iron filings my be 

m 2 fub- 

* 
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fubftituted with fucccis in the* room 
of charcoal, in the experiment of re- 
* during the a(hes of lead) and thence 
we tonclude, not only that phlogif- 
ton is a neceffary part of a metal, 
{but that phlogifton has an identity 
belonging to it, freftn whatever fob- 
fiance in nature itbcextiafltcd. Afd 
fhis aflertion ftill becomes more gene- 
tal, if we may believe that metallic 
'ttfoes have been reduced to their 
metallic form, both by the fclar rays 
and the eledlrical fire. 


ESSAY 



ESSAY V. 


OF THE ORIGIN ov SUBTERI^ANXOP 
riRFS. 


T HE mod remarkable change* 
which have taken place in the 
form and conftitution of the earth, 
fince the deluge, have probably 
been produced by fubterraneOus fires; 
for it v to their agency that pbiloio- 
phers afcribe volcanoes and earth- 
quakes; thofe tremendous inftrumertts 
of nature, by which fhe conviru. 
plains into mountains, the ocean into 
lfiands, and dry land into ftagnant 
pools. 

m 3 Dr* 
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1 Dr* Hooke formerly had main- 
tain#, thfttaj! iffands bad been railed 
mfjmf the fea by earthquakes ; and 
{nodfra philofophers feem to admit 
hit hypothefis, though not, perbapsj 
in its «$moft latitude/ Thus ope of 
them is of opinion, that Iceland, 
which is bjgger th«n Inland, has 
been produced by Volcanoes in the 
cqurfe of feveral centuries*. Ano- 
ther, after giving an ingenious con- 
jecture Concerning the origin of "all 
the tropical lev ijles in the South 
Sea, allures us, that Of the higher ijles 
there is hardly Ofte of them which 
4>a* not flrong veftiges of its having 
undergone fbmc violent alteration 
by a volcano. Some of them have 
‘"volcanoes ftill fubGfting; others, 

amongft 

* $*t Letter* ob /(eland by D% Uno V**i> 

Ttfap.*™. 
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amongft which are O-Tabeike atid 
Bzabdnt, featfi w lave 
vased, mreint m ages, from the bof-' 
tom of tfceAa bf fobterraneousfirk** 

* Wien theft fires were left kih- 
dled p by what foes of (be! they Me 
ftill maintained ;* at what depth! be- 
low the furface of tie earth they ate 
placed; whether theyfiiv&X mutual 
communication; of what dimenfioni 
they confift; and how long they may 
continue, are queftions whi^h do not 
admit an eafy decrfion. The fur- 
face of the earth j| tdmirabJy fitted 
for the fupport of 'tie exigence and 
well-being of all the animals which 
m 4 inhabit 

* Obfcmtions nude dmJag a Voyage 
round tlie World, % Dr. Fwftet, p. jp t 
where the reader Will find, in a note, a learned 
reference to the work* of a great many author*, 
on the fubjeS of ifles raiftd out of tBfc fe* by 
the a£Uon of a fubterrancous fire. 
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inhabit it. God has gives iw the abi- 
lityflfi^o penetrate a very little be- 
low this furface ; and a$ the reward 
^)f our ioduftry, he has fflaced with- 
in our reach a great variety of ufc- 
fut minerals ; b^t as to the central 
receF'S of the globe, we can never 
penetrate into ilieny A gnat e {fay- 
ing the feeble efforts of its {lender 
probofeis againft the hide of an ele- 
phant, and attempting thereby to 
inveftigate the internal formation ot 
the body of that huge animal, is no 
unajft reprefentatifjn of man attempt- 
ing to explore the internal ltrn<?-uie 
of the earth, by digging halt holts 
upon its furface. 

But though it will ever be im- 
'poflible fof os to fearch far into the 
bowels of the earth, or to imitate, 
in an extenfivc degree, the great ope- 
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rations which are constantly carryw 
ing oa* beneath its- Surface, yet it* 
affords a curious mitel nb dfcab 
degree of f^isfafiion to- be able,, by 
obvioo. fsperimcnes, to fonn foftie 
reafbnable conjeSunes concerning 
them- k • 1 

Mr. Letftery as far as I* have 

been able to learti, was the firft per- 
fon who illuftrated,. by aftual expe- 
riment, the origin of Subterraneous 
tii es. He mixed twenty-five pounds 
of powdered Julpbttr with an equal 
weight of iron filings ; and bajgpg 
kneaded the mixture together, by 
means of a little ivater t into the con- ’ 
fi Hence of a pafte, he put it into an 
iron pot, covered it with a cloth, 
and buried the whole a foot under 

ground. 

* Court de Chemlc, p. 87$. & Mas. de 
1 'Acad. det Scien. & Paris, An. 1700. , 
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ground. In about right or mac hours 
time she earth fweilcd, gift* %«r to, 
and* cracked $ hot fulphwepua va- 
pours were perceived * a jflitne which 
dilated the cracks was observed; tbn 
fuperinCotnbenc earth yas covered 
with a fellow and black powder : in 
ftert, a fbbterraneous fire, producing 
a. volcano id miniasdins, yras fponta- 
neoufly lighted up from the reciprocal 
< actions of fulpbur, iron, and water. 

That part of this enpenment 
Which relates to the prOdu&ion of 
film by the fermentation of iron 
filings and fulpktxr when made into 
« a pafte*, has been frequently re- 
peated 

* The -words ferment and fermntatm miy 
perhaps be improperly applied to the fponta- 
* D«m« tnhfpo&ttoa of ports, which Uke« place 
in nburai Jubftmuti hut the reader cannot 
fail to underload what is steam by them when 
thus applied, 
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pcatfcd.finee the time of Mr. tjfiJ 
mcry. I myfelf Have made it mam 
than once, but I have nothing ma- 
terial to adtf to hi* account, except 
that the flame, when the experiment 
is made in the open air, i&< of verg 
fliort ‘duration j and that the* whole 
mafs, after the. extinction of the 
flame, continues at intervals, for a 
longer or fliorter time, ‘according, to 
its quantity, to throw out fparksj and 
that a ladle full of the ignited mafs, 
being dropped down from a con fi- 
nable height, defecmjs like ai$(Wr 
of red-hot a&es, much refembling 
the paintings of the eruptions of 
Mount Vefuvius, which may be feei» 
at the Brtcifh Mufeum. It has been 
obferved, that large quantities of* 
the materials are not reqaifiae to 
make the experiment fuccetd, pm- 
4 vided 
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vided there be a due proportion of 
water t half a pound of fteel filings* 
half a pound of Hour of brim- 
ftone, and fourteen ounces of wa- 
ter, will, when well mixed, acquil e 

heat enough to make the maf$ take 
* • 

fire 

That heat and fire Ihonld be ge- 
nerated from the fpontaqeous aftions 
of minerals upon each other, is a 
phenomenon by no means Angular 
3 n nature, how difficult fotvcr it 
may be 10 account for it. The heat 
of putrelrent dunghills, of the fer- 
menting juices of vegetables, and, 
above all, the ipontaneous firing of 
hay not properly dried, are obvious 
proofs rhat vegetables po fiefs this 
prepeuy as well as minerals. In 
both vegetables and minerals, a de~ 

finite 

„ ** Sf»gc Miner* VbL L js 42, 
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finite quantity of trot Jure is recjui- 
fite to enable thtm to commence 
that inteftin<J motion of their parts, 
which is neceflary for the produc- 
tion of fire. Iron and fulphur would 
jerruin mixed together for, ages 
without taking fire, if they were 
either kept perfectly free from 
moilture, or drenched with too 
much water ; and vegetables in like 
manner, uhich are quite dry, or 
exceedingly wet, are Incapable of 
taking fire whilft they continue in 
that fiate* * 

But 

* Animal fubftsnfces, when laid on heaps, 
base been cfbiencd to take fire. “ M. Mon- 
t»t rnpportf dans l’hiftoire de 1’ Academic 
Rojalt d«s Sutnces, aanee 1776, que de* pe- 
tite* eto'Tcs appeilfs imperial?* , gardees en 
tas, prirent feu d’ elles-memts. Inftruc. 
fur l’ufage de la Houille par M. Venel. It 
is nut improbable that filings of copper and 

edict 
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ikt 

&at . nuxlores f of iron 

• %ben ^ijiened with ..a 

-$$!$«*■ quantity of water, will f^cm> 
} yet the origin, 
cannot, with 
.'(jgp.'jpiat ^f;|a®babiHty, be 
referred. to the ’ fyfftt principle, , t»n- 
, lefa it «n tf ^ptotbat aature,has 
.^nHaed^ogetber mlargequantities 
and fidphur, and diftrjbuted tjbe 
" interna! 

'w W$*. jjwWk iaiai^f-cifc, we 
- C*». Wfe -0$ doutst. , ^here is, . per- 
, more commonly 

. - met 

- > ' » ' . *» W. 'vi ^^i,-”v'- 1 ^ , 

^eiijeuxed W a.due proportion 
yafa StySiat art acquire a heat, 

l^patdke-fe^ .jrfpac^y -if j$e quantl- 
^‘, »W J- *»* «£ this Ian# 

Wfcnot hitherto been made. 
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tmet-wlth, that which it coot* 
pofed of itjbn and fulphur. It it 
found not only upq» the furfacc OF 
the earth, but at the greateft depths 
below if, to which mines have been 
hitherto driven ; not only t A Eng- 
land or Itikty, Europe or Ada, but 
in all parts of the world* This mi- 
neral is called, m fotne ‘parts of 
England, efyperas-fiene-, in others, 
eraxil, in others, bra/s-lumps ; in 
others, rufi- tails ; in others, bar/th 
gold, >n others, narcqfitt\ though 
lyituralifts are now, I think, agreed 
to give that name to fuch mineral 
bodies as are angular ^nd cry Uti- 
lized, efpe/cially into a cubical font). 
The fcientific name j» fiyriMf*. 
fiery » a denomination expreffive 
enough of the property which this 

mineral 
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mineral has of ftriking f&« wife fteel, 
and of fpontaneoufly takyigftre, when 
laid in heaps>and moifterted with 
/water. 

Sulphur and iron are the chief 
conftituent parts Of the pyrites} arfe- 
■nic, however, i« fomerimes united 
with the iron infteacl of fulphtir, and 
■fometioies fulphtir and arfenic aie 
both of them combined with iron. 
The pyrites alio, accidentally, con- 
tains copper, fiber, and perhaps 
(gold: hence the pyrites has been 
diftinguifbed by mineralogies into 
various forts,«by attending, either to 
its intemaPconftitution, afc.the iron, 
the cot per, the fulphureous, the 
arfenical pyrites ; or to its external 
figure, as the pyramidal, the cubical, 
.die fphericah the prifmatic pyrites j 

or 
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or to its colour, as the grey, 
white, » yellowilh, yellow, orange 
pyrites* . 

Though the reader may have never 
contemplated the various fpecies of 
tfie pyrites in any cabinet of natural 
hiflory, or taken notice offuch kinds 
as are commonly' to be met with in 
chalk-pits, in btd$ of clay, or upon 
the fca iliore in many places»ofF.ng* 
land, yet the yrllawUh matter, often 
adhering to or muted with the fub- 
ilance of pit co:l, cannot, furely, 
have efcapqd his obfervation : that 
marker conlifts of Jalpbur and 
and is a ipecies of the pyrites. So 

- much 

* Whoever Wifhei to become fully ac^ 
juaintt J with ’the natural hiftory of the | x >- 
nte*, md) tonfult the Pyrthlopa of HcncLtl, 
where he will find tile origin, nature, and 
ui's of this mineral inveftig^tad with thr 
jnjtcft learning and ingenuity. 

vo i. i. N 
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much of this fort of the pyrites is 
dug up together with the coal, at 
Whitehaven, Newcaftle, and other 
places, that people are 'employed to 
pfck it out from amongfl the coJ, 
left it fhpuld vitiate its quality, arid 
render, it lefs faleable. The pieces 
of the pyutes which are feparated 
from the coal, are. not thrown afide 
as ufel^fs, but laid in heaps, for a 
purpofe to be mentioned hereafter ; 
and thefe heaps, not many years 
iince, Seek fire both at If biielaven and 
in ^ the neighbourhood of Halifax. 
The fame accident was obferved 
above a hundred years ago at Puddle 
Wharf in London, where heaps of 
coal which contained much of this 
pyroe*. Uokfi*t’ . 

1 hough Lemcry was the firft 

perfon 

* Joidea of Joiner. Wat. C. 
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peifon who, by artificial mixtures 
of fulpkurand iron, produced fire, 
yet that natural mixtures of thefe 
fubftances would JponiaHtouJfy take 
fat, was known befoie he made hw 
experiment. Thus, to omit what is 
faid by Pliny and the ancients, we 
are told by good authority, that one 
Wilfon at Ealand'xn Yorkjfrirt, abode 
the year 1664 or before, had piled 
up m a barn many cart-loads of the 
pyrites, or brals- lumps, as they were 
called bv the colliers, for fome fe- 
c>et purpofes of his own: thereof 
of the barn happening to be bad, 
the’ pyrites were wetted by the rain , 
in this (Ute they began to fmoke, 
and prcfently took fire, and burned 
like red hot coals*. 

Wc have an account in the Phi- 
n 2 lofophical 

* Power’s Micto^ Obfer. g. 6 1 
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Jofophical Tranfa&ions for 1693*, 
pf a covetous matter of a eppperas 
work at Whittftahk in Kent, who, 
in order to break his neighbour’s 
wfirk, had engroffed all the pyrites 
Or copperas-ftone in the country : ue 
built a filed over two or three hun- 
dred tons of thefe ftones, to keep oft 
the rain. In the fpace, however* of 
fix or %en months, the mafs (being 
probably wetted by the tnoifture of 
theatmofphere, or by the rain, which, 
notwithftanding the (lied, might have 
fallen upon it) mkfire and burned" 
fora weeks it quite dettroyed his 
fhed, and difappointed all his hopes 
of profit : for the pyrires was in part 
converted into a fubftance like melted 
metal, and in part it looked like 
red-hot Hones ; 'all the fulphur was 

con- 


* No.-aij. 
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con fumed, and the neighbourhood 
was mfterably affii&ed by the noxious 
exhalation which it fent forth. 

In the month of Augoft 1751, the 
Qliffs near Cbatinotttb in DorfetJ&ire 
took fire, in confequence of a heavy 
fall of rain after a hot and dry fea- 
fon, and they continued at intervals 
to emit flame 'for feveral years.— 
Thefe cliffs confift of a dark* coloured 
bituminous loam, in which are im- 
bedded large quantities of different 
kinds of the pyrites. The fame kind 
of flame has been frequently obferved 
in the Cornijb mines, and this mine- 
ral fire lbmetimes 1/ads to the dis- 
covery of a mine ; but wherever it is 
found to exift, the iron pyrites is 
£tnerally difeovered near it*. 

n 3 There 


* Pliilof, Tianf s Yol. LII. p. itf. 
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There arc fome forts of earth 
from which alum is made,' which 
abound fo much with the pyrites, 
that the proprietors of the works arc 
forced to keep them conftantiy we ll 
, watered, in order to prevent their 
takin’g'fire *. — But it would be ufe- 
1 fsto purfue this fubjeft further ; we 
have adduced proof fufficienr, that 
nature formfhes materials, which, 
under cel tain circumil antes, may be- 
come the octafion of iubterraneous 
furs. Jim jequifite ciict’fnftan' <s 
a proper quantity of the mate- 
rials, a proper portion of wattr to 
iionUii them, and perhaps a com- 
inuiiu anon with the air may be nc- 
ttfluty. A ftnall quantity of the py- 
rites 

■WAi. Mu, Vol. I. p. 

I'yriti*!. p. 3 2. — Minus.. JMf M. VaJ. (L 
t\>var \o’ T. p. . c>0> 
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rires is fufiicient to kindle a fire » 
water Is almoft every where found 
.n fuch great plenty below the fur- 
fare of the earth, that it constitutes 
one of the greateft impediments* to 
our finking pits to any great depth > ( 
aod a»r, if it Ihould be thought ab- 
iolutely necdlary to the fpontaneous 
filing of the pyrites, may be <$&• 
ceived either to accompany the Wit- 
ter in its dapping, or to defccnd 
into the inner molt pirrs of the earth 
through the fill ut t s which ate found 
upon ns furfacr. Vv hen a fubterra- 
neom. lire is once*kindled, it may 
be fupported for ages by other fub- 
tltnccj, ,as well as by thofe which 
full gave rife to it : thus if a quan- 
tity of the py arts Ihould take fire in 
a ftratum of coal, or of flaU* or of 
any other fjbllanre firongly im- 
n 4 prcgn'ited 
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pregnafed,, with, bitumen, the fire 
might cornice till the ftratumwa* 
eonfomed*. 

'^Therc; are fiich a great number of 
yojjteanQes. now. iubfifting in every 
qi&rttx*pf. the globe* and fo many 
■ unequivocal veftiges of others, 
which- in length of time have be- 
come .ejjtindj that* feme philofo- 
pheirs thjnk .they ..have reafon on 
t^i^de in fappofing either* that 
the earth, at forne*confiderable dif* 
tance below its fur face, is furrounJed 
with . a ftratum of ignited matter 

: A fiSbtote , arc fome coaferies on .fire now in 
Scotland, which were on: to in the time of* 
A^^pla^Pcnnant ? s Tour in $cot. Part II. 
p/ S *_* an account pf the coaleries on 

{^ir'8wibrih.fre, v 4 Dr. 'Plott’s Nat. 
HJtft " aT’flKft' Cwnty ; ind ofthe fubftaii'ces 
fn^sprd-'firaat,* tic bitjfflwg eljfcl-plt* at New- 
ca^e,ia Fhilof. Traaf, for |6?<S. ". 
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of a definite thicknefe ; ' or that the 
whole 'central part of it ia nothing 
hut a mafs of melted minerals,* 
which every where ftruggling for 
vent, burfts forth where there is fhe 
lead refiftance, {hivering into rude 
fragments the fuperincumbent cruft 
of earth, and deluging with moun- 
tUnous toi rent? of liquid fire the 
adjoining countries. • • 

We do not know of what kind of 
materials the inward part of the 
earth is compofedj the water, coal, 
earths, floncs, metals, met with upon 
its furfaee, have, -bulk for balk, 
very different weights,} and aiirai* 
lar inequality of fimilar materials 
may take place at all depths below 
the furfaee. It has been gathered, 
however, from very ingenious ob» 
fervations add calculations, upon the 
7 *t- 
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actradbon of the lull SibtbaUtin in 
Scotland* that the mean denfity of 
the whole earth is about four times 
and a half the denfity of water, 
thf tnean denfity of ftones, fup* 
pofe Portland (lone, bung two times 
ai.d a .half the denfity of water*. 
Hence if this globfc of earth, could 
be weighed in a fcaie, it would * 
quire two equal globes and a half of 
Poitland flone, or four equal globes 
and a half of water to balance it. 
1 he whole earth bting fo much 
heavier* bulk for bulk, than the 
general matter near/ its furfic'*, it 
has been tonjedhired, that there 
piuft be fomew here within the earth, 
towards the more ceurtial parts, 
great quantities of metals, or Inch 
'like denfe matter, to counterbalance 

the 


* Pii.Iof. TranC 1778. p. 7C4. 
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the lightnefs of the fuperficial roa* 
tei iaJsy fo to make op the whole 
weight of the earth. Suppoftng the 
diameter of the earth to be 7920 
milts, and that it was competed of 
ah inward gh)be 5110 miles in dia- 
inai r, and of an, outward fpherical 
(hell 14-1$ miles in thicknefs, the 
ntatter of the inward globe being as 
htavy neatly as melted and' 

the matter of the outward cruft be* 
i .g as heavy, at a medium, a£ Port* 
land Hone j then would the weight 
>1 fuch an inward globe, and fuch 
an outward (hell or cruft, be toge- 
ther equal to the prefent weight of 
the whole earth. But conftdering 
the great rompreftibility of water, 
and of the ftones and earth met with 
upon the furface of the globe, H is 
probable, that in defending to- 

watds 
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wards its centre, the parts may be 
fo condtjufed as to maketfhe freight 
of the earth what it is, without fup- 
pofing its central parts to be com- 
poftd of materials different from 
its fuperffeial parts *. 

But to return to our experiment. 
I need ule no arguments ro prove 
that cither the fulphur, or the iron, 
01 both,* havt undergone a great 
change during their fermentation , 
we can have no difficulty in think- 
ing that the fulphureous fteams, 
htat, flame, and fire, which attended 
the mutual adtion of fulphur and 
iron upon each other, could not have 
been produced without the bodies 
themfelves having luffrred fome 
.change : this change is vifible from 

infpett- 

* See Mr. Mitchell’* very ingenious EfTay 
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infpe&ing the mixture before and 
after its fermentation j fronva greyifli 
colour it will be turnea wholly 
black, or of a- deep red; it will be 
rendered more maoifeft by tailing 
it: neither fulphur nor iron have 
any jtafte, nor has the mixture of the 
two any taft’e -before its fermenta- 
tion ; but after that is fimfhed, tt 
has a very faline tafte. ' The nature 
of the fait contained in it will be 
examined in the next eflfoy. 
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or VITRIOLS, AND THE REPUTED 
TRANSMUTATION OF IRON 
INTO COPPER* 


T HE nature of the rcfidue re- 
fulting from the fermentation 
of iron filings and fulphur, may be 
eafily afcertained. Its tafte indicates 
that it contains fome faline fub- 
ftance: in order to fee what that 
ftbftance is, it muft be boiled in 
water $ by this means all the filt 
contained in it of whatever quality 
it may be, will be extracted. The 
water containing th* fait in folu- 
tion being filtrated, evaporated, and 

cry- 
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cryflallifccd, according to the -ufoaS 
mode, we fball obtain large, faUno 
ctyftals, of the colour of an eme- 
rald, and of the figure of a lozenge. 
This fait is called gmn mtrtol ; 
green from its colour, and vitriol 
from its refembling yitrim or glafs, 
by its tranfparency. . • 

This fait certainly did not exift, 
either in the folphur, or in the 
iron, it muft therefore a rile from 
their mixture* but from a mere 
mixture of folphur and iron, no 
fait can be extra&ed, unlefs the 
iubftances of which it confifts 
have been, by fome means or 
other, decompofed. The reader 
may probably recoiled, that fol- 
phur is compofed of two things, — 
of an acid, and of phkgifton . — -Iron 
alfo is compofed off&o things, — of 
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an earth, and of phlogi/lM , Dating 
the fermentation of the mafs of ful- 
phar and iron, the phlogifton, or in- 
flammable part of them both, is d*f- 
pfiifed ; and, indeed, in being dif* 
pet fed, it 'becomes the caufo of the 
heat, fire, and’ flame, obfervable in 
that mafs. The inflammable part, 
both of the fulphur and of iron, fee* 
ing difperfcd, there remains the acid 
of the fulphur, and the earth of the 
iron. The acid of fulphur is a very 
ftrong acid, it diflolves many bodies 
with great facility, and when it is 
diluted with water, it, in particular, 
diffolves iron j and, by its union with 
the earth of iron, it comppics the 
ldt in queftion. 

That this is a true explanation of 
the origin of this fait, 'will appear 
evident from the following confide- 

vol. r, O ration. 
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i ation. tf into a’qUantity of the acid 
procured from the burning of fol- 
phur, you put a piece of iron, the 
iron will be wholly diffolved in die 
acid, as fait is diifolved in water ; 

m 

and if* you faturate the acid with 
iron, and then evaporate and cryftal- 
lize the foiution, you will obtain a 
green vitriol, fimiiar, in every re- 
fpe&, to that obtained from the refi- 
due of which we are fpeaking. 

The compofition of green vitriol 
has been fully explained, and its de- 
compofition or analyfis will frill fur- 
ther illufrrate its nature, and leave 
no doubt of the truth of jhc propo- 
finon which aliens, that green vi- 
triol (onfifts of the otid of fulpbur 
united to iron, or more properly to 
t l c cqrtb oj v t 

1 ' * } • t \' ci rr»* r r £* £> 
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green ♦itriol into a retort, and diftil 
them till nothing more can be farced 
into the receiver, by the utmoft 
violence of a ‘‘long-continued fire, 
you will find in the receiver about 
1 1 ounces of an acid liquor, frftelling, 
in ail the trials’ that I h^e ever 
made, very ftrorfgly of fulphur i and 
in the retort you will -find*about $ 
ounces of an earth, of a deep red, or 
purplilh colour. The acid liquor, 
by combining it again with iron, 
may be made into vitriol ; and the 
earth, by being properly melted in 
conjunction with any matter which 
willreftore to it its inflammable prin- 
ciple, maybe made into iron. The 
proportionable quantities of acid and 
tarth procurable from grfcen vitriol 
by diftillation, are purpofely ex pref- 
led in terms rather indefinite, btcatife 


o ' 


r*. 
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that proportion is fomewhat variable 
in different vitriols. 

"fhe earth remaining from the 
<Ji filiation of vitriol is called Olco- 
tbar. I would not have troubled the 
Reader, with fo barbarous a, name, 
but for an obfervafion relative to 
its ul'e, which may* be worth men- 


tioning, 

Coleotbar is fold for ten*pence a 
pound in Paris ; it is ufed for giv- 
ing the laft polilh to plate-glafs, at 
the great manufactory in the ftreer 
St. Antoine. The largeft plate of 
glafs which had ever been polKh- 
cd m that manufactory, th^y in- 
. formed me ten or twelve years ago, 
was ten feet in length,' and fix in 
breadth. The glafs is brought from 
Picardy ; it is there melted in large 
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upon a*table covered with a fhect of 
copper ; much after the fame man- 
ner in which' plumber* raft alheet of 
lead. The plate of glafs, when fiilt 
call, is an inch in thickndl; its 
afperitjes are ground away .with a 
coarie kind of grtr-ftonr, with fand, 
and emery, of' different degrees of 
finenefs, and it is at laft polled by 
colcothar. 

I do not know whether the ufe of 
colcothar is adopted m our fcngldl. 
^plate-glafs manufactory near Preiiti 
in Lancajhire, having not been form- 
nstte enough to obrain permifiioa to 
fee it* But, both to the proprietors 
of that manufactory, and to the p- 
tentees for‘poli(hing maible at Ajh- 
ford in Derfyfoire, 1 take the libet x\ 
to fuggeft, that colcothar, which a* 
very cheap, mi gk | perhaps tender 
o* the 
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the ufe of putty itt calcined tin, left 
ne'ceflary. — Would it not be poffible 
to apply the fame kind of machines 
tty which marble is policed to the* 
policing of plate- ghfs ? — Bui* to 
return .from thisdigrdfion. . 

The acid feparatfd from vitriol* 
by diftillation, is called the vitriolic 
add. From what has been faid, rela- 
tive to the formation of vitriol, it 
manifeftly appears to be the fame 
with that which enters into the com- 
petition of fulphur j and indeed the 
main part of what is fold as vitriolic 
acid is now obtained by collecting 
the vapour of burning fulphur, and 
not, as it ufed formerly to be, from 
the diftillation of Vitriol. 

It ir.uft not be imagined* that the 
acid liquor procured from the diftil- 
Ution of the t<L ounces of vitriol, 
W Ctfoflftb 
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confift* imirely of the vitriolic acid*? 
it confifts of that acid diluted!; .with 
a large portion of pure water. If 
care had been taken ^ feparace die 
different produce* as * they arofy, 
during the diftiliation, we might 
have procured, . by a very., gentle 
See, fix or fekeo ounces q)f /)vat»r 
wholly infipid : this is the 'water of 
cryftallization before fppken of *) it 
is called the piltgm of vitriol. After 
the reparation of this pater, by a 
flronger degree of heat we fhould 
have obtained an ounce or two of 
water flightly impregnated with an 
acid : this is ea\itd,/pint of vitriol* 
LafUy, with a very violent fire, we 
fhould have gotten a very ponderous 
and ftrong acid, having an un&uou$ 
appearance^ and from that* appear 
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ance generally, but improperly, cal- 
led, oil of vitriol* This oil of vi- 
triol is not always fluid ; fom^imes, 
when it is exceedingly flrong, it has 
been obfervei to become folid * In 
that (late it is denominated, glacial 
or icy oil of vitriol, , • 

It was (hewn in thjplaft Effay, that 
natural ‘combinations oi iron and 

i « 

folphur were fubjed to the fame 
fpontaneous changes obfervable in 
the artificial mixtures of thefe fub- 
ftances j and hence we may dearly 
apprehend the manner in which 
what are called r.attvi Vitriols are 
formed in mines and other fubterra- 
neous cavities. The py rites* exifting 
in thefe places being naturally de- 
•tompofed by the fulphur’s parting 
with its phlogifton, the water which 
♦ is always dripping in mines, diflolves 

the 
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the vitriol generated in the decom- 
pofed pyrites j and being afterwards 
evaporated/ cither by the heat, or the < 
current of air fubfifting in the mine, 
tffe vitriol it found in its cry ft allfoe 
form,. either projecting lik^’icicles 
from the top and tides of the mine, 
or lying in cayities at its bottom. 
The cryftals of native vitriol are’ 
more or lefs regular, according to the 
eircumftances attending the evapo* 
ration of the water, and they are of 
different colours according to the 
quality of the pyrites * for together 
with the fulphur and Iron, the chief 
conftitucnt parts of the pyrites, there 
is fometimes combined copper, and 
other metallic matters, which being 
diffolved by the acid of the fulphur 
at the &me time that the iron is dif- 
folved, a mixed vitriol is produced , 1 
* the 
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the colour of which is fometimes. 
whitiQi, more generally it confifts of 
different fhades of green and blue. 

•Native vitriol is often met with in 
srarooal mines, from an old Cannal- 
anal pft,near Wigan in Lawcafliire, I 
procured a confiderable quantity of 
it very wall cryftaihaed ; and Dr. 
Rutty has obferved, that the vitrio- 
lic water at Haigh in Lancaihire is 
the fcrongeft in Britain, yielding 
3940 grains of vitriol ft on* a gallon 
of water*. 

When I was ar Whitehaven fome 
years ago, I •was informed by the vtrj 
intelligent foperiatendaat of the coal 
works in that place, that the bottom 

of 

* * Philof. Traof. 1756. p. ^50. See alfo 

for an evunutttkn at this flatgh water, winch 
fpfmgs tron» a ftiatim of the cannel-crai, 
Leigh’s Tenumtn Philo, de Fonte Med. tn 
Agro Lancaf. C. 1 . 
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of a pump of caft iron, which had 
flood a long time in a well of vitriolic 
water i was fo much foftened, that, 
after removing a thm coat of' raft, 
Jie was able to cut it with a knife, 
as eaftly as he could cut blapk lead $ 
it had preiervtfd«its grain, and was not 
in any wife altered, except in being 
ioftened. t ’ 

At that time, I* attributed this 
foftening of the iron, to the aftion of 
the vitriolic water, and thought tr a 
very Angular phenomenon : in this, 
however, I was miftaken ; fea water 
has the fame efRrd. Some iron can- 
non, which had kin in the fea up- 
wards of fixty years, were weighed 
tip, and the iron was found to be as 
ftft as tin ; though in 24 hours, by 
being expofed to the air, it recovered 

Its 
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its original hardnefs*. This foften- 
ing of iron is not an effed peculiar 
to the ad ion of either vitriolic or 
fca water : I have fomewhere read of 
an experiment of foftening iron By 
fm earing its ftirface with the acid of 
vitriol; and I have*h£ard of a gen- 
tleman* who having, frequently flir- 
ted' faliite draughts with his pen- 
knife* found its temperature much 
foftened thereby. Dioacrus Siculu j 
mentions a cuftom of the Celtibtnrns , 
by which they made their arms of 
incomparable bardsefs : they buried 
plates of iron titrder the earth, rill thfe 
weaker part of the iron was conformed 
by the ruft, and they fabricated their 
arms from the remainder The 
" inhabi- 

• Jrlift. de l’Acad. de* Scitn. a Pari*, an. 

f Died. Sic. L. V. p. 3f6. 
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inhabitants of Japan are faid t0 
make ufe of the lame artifice*.— 
The time,' however, in which the 
iron is fuffeied tu lie in the ground* 
rnuft not be too long ; for the iron, 
inftead of being foftened aftjl melio- 
rated, will in .length of time be 
wholly changed, as is faid to have 
happened to fome Spamfii cannon 
made of hammered iron, which h%i 
lain many years under the old fort 

at 

* In itinerariis referunt aliqm de Jnrnntn- 
fibus quod ferrum fyum in couto* excitium 
locts paluftribus immergantj et ibi tamdiu r**- 
Iinquaut, dum ad mult am partem 
fit coniumtum ; exemtum drin e novo cx ai- 
dant, ct Uerum.m palude per fpatium 8 
i ^ annorum recondant, ttfqut dum ltrmrn 
in aqua psludinofe filb adxnodum extfura fit : 
pars fierii qute reftat fpeclem chalybn refrne 
pcihibetur, exinde dein vomercs fabricant* ex- 
que ferro fic rubiginof© inUxunionta fua et uttn* 
fill a conficiunt. Sweden de Fcrio, Vol. L 
P- i<H« 
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at Hull in Yorkshire ; the ironibeing 
changed into a brittle kind of 
feme refembling an iron ore, and 
refilling to obey the action of the 
magnet 41 . 

Mode/n chemifts apply the name 
vitriol) to every combination of the 
acid of fulphur with any metallic 
fubftanefi; three, however, of thefe 
combinations are more particulaily 
diftinguiftied, being of great ufe in 
various manufactures j — grew vitriol 
—bine vitriol — white vitriol . The 
acid in all thefe vitriols is the fame ; 
the metallic l»$g of the green vitriol 
we have already fecn is iron, that of 
the blue vitriol is copper, and that 
<of jhe white vitriol is zinc. Vitriol is 
very commonly called by the manu- 
facturers copperas : thus we Con- 

ftanrfv 
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thinly, hear Of green, blue, and 
white copperas* The conftituent 
parts of the different kinds of vi- 
triols were not underload by the an- 
cients fo well as they are at prefent * 
they feemto havehad an jglea, that 
copper wat the .bafis of them alt ; 
hence the Greek term for vitriol, 
chalcaatbas, the efflorefcenct of cop* 
per: and the Latin one, cttpcrofa, or 
cupn rofa , the flower or efflorrfcence 
of copper i from which the French 
(ouperoft , and our copperas, arc- evi- 
dently derived, 

• The vitriols which natyre pre- 
pares, are never to be met wkh in 
commerce ; they ferve to adorn the 
cabinets of the curious, bat %y are 
neither fufficiently pure for thfc pur* 
pofes to which common vitriols are 
' ’ ,> , ►’ r ’r ’ n f iTl- 
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cient quantities to anfwer the de- 
mand which is made for them- 
Green vitriol is made at Deptford, 
aqd other places, from a fpecies of 
the pyrites found on Sheppty Ifle, the 
Ifle of Wtgbt, and various parts of 
the EJex, Kennjh , Sujfex, and' Dor- 
Jetfloire coafts. Large quantities of 
the pyrites are laid m heaps in the 
open air, oh beds properly pre- 
pared ; in half a year, a year, two 
years, fooner or later, accord ug to 
its quality, the pyrites acquires u 
fpontancous heat * that heat, without 
being increafed tofuch a degree as to 
fire the * pyrites, infenfibly difperfes 
the inflammable principle of the ful- 
phur, eve of the conftituent parts of 
the pyrites ; the acid of the fulphur 
* being thus difengaged from the in- 
flammable principle, unites itfelf to 
the other principal conftituent part 

of 
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of the pyrites, the iron, an3 forms 
green* vitriol. The vitriol thus 
formed is .waffled from the pyrites 
bed by the rain : the ruin watjcr 
which has diflblved the vitriol of the 
pyrites, cannot fink into the earth, 
the bVii on which the pyrites is 
fpread being formed of clay? and 
being nude, moreover, in a flooring 
pufition, the difi'olved vitflol runs 
into t^ep&n 1<.$ pijpiperly jdaC&f to 
;'.rfh :> ,t, and bclhg boiled with 
i non til! it is of a proper con- 
Witney, i: is run off into coolers, 
tod lefc to cryftallizc.. Vitriol tx&f 
he made wir’iout the t»fe of old into, 
but the .liquor which drains front 
’he pyrites being ofterbnot fatd rated 
• ith iron, "the non is added to fatu- . 
■ ate the acid, and at the fame dme 
to purify it from any particles of 
vot. i. P copper 
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eopp ef it may Chance to contain; 
by this means a pure iron vitriol is 
obtained, which is known in com- 
merce under the name of Englifh 
vitriol. T he quantity of old iron, in 
fome works, amounts to two hundred 
weightih making a ton of vitriol. 

Much after the fame manner, vi- 
triol is made from the pyrites found 
amongft coal; there are manufa&o- 
ries of it near Wigan, at Whitehaven , 
at Nemtafile upm Tyne , and in fjve- 
ral other parts of the kingdom. 
But all the vitriol works have funk 
in value of late years; the home 
confumption of vitriol being much 
diminifhed fioce the acid,* which 
uied*to be procured from the di- 
stillation of vitriol, has been ob- 
tained from the burning of ful- 
pbur. 


It 
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It is not eafy to determine when 
this method of making vitriol was 
introduced into England. In thft 
very beginning of Queen Elisa- 
beth's reign, « patent was granted 
to’ Cornelius Devo» v for making 
alum and copperas * ; bufk was 
not ciU towards the end of the laft 
century, that this art of making 
vitriol was brought to 4o gaeat pet* 
feftion as to enable us to export any 
of it f j . and, indeed %, a very deep 
anti jtKlicious inquires* into things of 
tins k : nd stffiwes us, that u at tkt 
latter end ofahelafl comity, we im- 
ported annually about 500 toss of 
vitriol, and that we new export up- 
wards of aooo tons.” It- 
that there were exported, fittf*# the 
p 1 port ‘ 

* Oper. Min. «cplic*t, p. *6- 
f Bojlc’s Work*. 

i. Campb. Surrey of Brit. Voh II, p. 21. 
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3®it of j j oa doh alone, near 400 tons 
eopppffl in three months/ Jam*. 
Sty, February, and March, 1776*. 
^ final! quantity of vitriol, perhaps 
*b the annual amount of 50 or 60 tons, 
is ftiil imported in to England; feme 
paftkdlar dyers and other * artifts 
being of opinion,' that the foreign 
vitriol, as containing a little copper, 
is more uffcful to them than the 
Bof^Uh Vitriol. 

It may eafily be known whether 
green vitriol contains any copper; 
he need only rub the vitriol to be 
examined upon a moiftened piece of 
poltfbed iron, for if there is any cop-, 
JPJ3 i* s compofidoa, the iron will 
be fjwhged into a copper colour. 
t This experiment renders it neceffary 

to 

» lee Sir Chad* WKhwflrtb* Iq. of 
Trade, No. 1. 



( '**9 ) 

to explain to the' waiter aerate 
freq«rojrif h met wkh in chemifiSl 
boojts — aj/hiiy >afid frieipitntm. v ’ 
When two frtfefegeaepus bodies, 
ajyfcm acid’ and fcdttf t&tScfe* ttige* 
thtfr, ahd iohfttette by tb«tettllon 
a third body different froth‘d < 
them, their untyn htfaid' to' praceefy' 
from their mutual ettra8Um y or, in 
the language' of Geffnan ‘phijpfo- 
phy, fronybeir mutual iffiafyl It 
may reafimahly be conjr&wed, that 
the affinity of the fame body, of the 
fame acid fort iliftOnce/ may be dif- 
ferent with different ladies * it* ac- 
tion npon iron may be dWtereht'fNHj 
its adion Upon copper; and Iw'ip- 
non upon any metallic fubftarite 
may be different from its adion . 
upon any alkaline or earthy fub- 
ftancej becaufc, from whatever' at- 
p 3 tradlve 
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traftlv* powers w^fuppofe to a&km 
Upon any body to proceed; '4t*fee ras 
probable tneogb, that theiV'eiJefts 
%Ji tfe modified, according to the 
aiftWe' of the fubjeft upon whiph 
they are exerted. A few , inftances 
fSl make this matter, dear. * 
Spirit* of -wine very readily dif- 
Toive a portfofl of camphor; that is 
'the,parflcles‘of the fpiriis of wine 
fo powerfully atthtfo tb| particles 
of' camphor, that theyHue thnii- 
felte* with the camphor in fuch a 
way as to compote* with it a pellu- 
cid fluid. Spirits of wine, however, 
mow powerfully attra& water than 
they atGrad camphor; for if you 
mot water with camphorated fpirits 
. of jwinc, you will fee that the fpiiits, 
^wtring their connexion with tlw 
Cipher, will unite tliemfelvcs with 
4 the 
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the water, and the camphor feeing 
lighter .than water, will rife i?p to 
the furfaca Lavender water ^on- 
fifts of the oil of lavender diflolypd 
iq fpirits of wine. Into a gla& of 
water, drop a few drops of lavender 
water; the fpirits of wine will quit ' 
the oil, in order to unite theto&lves 
with the water, and the pil feeing 
lighterman water will float upon its 
flu face. Jfa both thefe c^jjs, the 
lpirits ofPwine are faid to,, Have a 
greater affinity with water, than, ^jth 
camphor or oil of lavender. ‘ . 

Into a folution of- green • vitriol, 

drop a folution of pot-afli, fait of 

tartar, jar any alkaline fait;- the vi- 

niolic folution will let fall a fedi- 

ment : continue to mix the alkali 

• 

with the folution of vitriol, till no 
more nutter falls to the bottom j the 
r 4 matter 
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matter which fails to the bottom, iff 
faid to be pitcipitated, and it is often 
called ^precipitate. Thi# tffeft may 
be thus .explained : — green vitriol 
con fills of 'two things, — of an acid, 
and of an iron earth ; but the acid 
has a ghtater difpofuion to unite it- 
felf with any alkali', tjian it has to 
continue united with the earth of 
ironj when ‘therefore an llkali is 
^snefented to it, k quioL the irdn 
earth, which, thus wantmg its fup- 
port, falls to the bottom, and unites 
itfelf with the alkali. The acid of 
Vitriol is therefore, on this account, 
laid Jto have a greater affinity with any 
alkaline fait, than with iron, becaufe 
any alkaline fait, will feparate the 
. iron from the acid . What is precipi- 
tated may be made into iron; and if 
the liquid which floats upon the pre- 
cipitated 
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cipirated earth, be evaporated and 
cryftallwed, it will give the very 
kind of fait, which would wife from 
a dined combination of the acid of 
viyiol with the alkali which occa- 
iioned the precipitation. I will 
mention one other in dance.* * 

Blue vitriol con lifts of copper’ 
tin'ted with the acid of vitriol: if to 
a folution of blue vitriol yot' add a 
piece of bwo ht iron, it will prefent* 
Jy becorruFcovered with a coppery 
tout, the copper will all be prtcipU 
tatt'd, and the iron will be dtjprfvei 
in its. Head. The proof of this rea* 
foning is eafy: the matter which is 
precipitated may be melted into 
copper, and the liquid part may, 
by evaporation and cryftallization, t 
be made, not into blue, but into green 
vitriol i that is, into a combination of 
a the 
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the vitriolic acid and iron. Hence it 
& fold, that the acid of vitriol has a 
greater affinity with iron* than it has 
With copper* becaufe it quits cop- 
per to unite itfelf with iron. An 
order to be convinced of the truth of 
what is* advanced* wf need only dip 
ft bright key into ft folution of blue 
vitriol* and we Ihall'fee the key prc- 
feritly becofning covered with a 
copper-coloured pellicle. 

This experiment explains to us, 
in a very fatisfa&ory manner, the 
nature of that tranfinuiation of hen 
into copper , which travellers have 
been fo much lurprifed at. Agricola 
ijpeaks of waters in the neighbour- 
hood of Nezv/eJ in Hungary which 
, had the property of tranfmuting the 
iron which was put into them into 
copper*. In the year 1673, our 

coun- 


* Agric. Fof. L. IX. p. 347. 
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countryman Dr. 3mm viM * 6* 
inous copper mine aX't&mhGhmdf, 
about feven Eagliftr miles froo* 
I&wfoh he informs us that hethet* 
fay rwo fprings, «Ued«tbe old atxl 
new Which Mined i*» 

copper. The pwriewen Ibe^ed Wro 
a curious cup made of this, tranf- 
muted iro«j it* was gilt with gold* 
had a .rich pieewof filvtr ore faften* 
td in the middle) and the following 
mfeription engraved on the outfide : 

Eifen V>»r» teb, kupft- ii* kb, 

S'lver trag teb, gold bedeckt txicb. 

Copper 1 am, but iron was oF old. 
Silver I carry, coveredam with gold*. 

j r was even at that rime, he lays, 
contended by fome, that there was 
no real tranfmutarion of iron into* 

copper, 

• Brown’* Tnvels, ed. 1687, p. 69. 



C ) 

copper, but that the water,. 
cotwilnin^ vttiiol of copper, and 
meeting with the irori, depofited its 
copper*; and it feetns as if he would 
hsmfc acceded to this opinion, coujd' 
he have told wh*t Became of the iron. 
I* is noV vc ff well underflood what 
becomes of the iron ; it is taken up 
by the water, 4nd regains fufpended 
i« it, m*the*place 0 the coppers 
fb that this mnfmutation is nothing 
but a change of place } and as the 
copper is precipitated by the iron, 
ft* the htn might be precipitated by 
pot-alb, or any other fufeftante which 
has a greater affinity with the acid 
of vitriol than iron has. 

1 The caofe of the impregnation of 
theft copper waters in Germany is 
not difficult to be explained. Moil 
copper ores ^contain fudphur, and 

when 
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wheft the fulphur is id any degfee de- 
cornpo fed, its acid unites itfelf to the 
copper* ao^ forms blue vitriol, which 
i| the fubftance with which the wai- 
ters iffuing from the eopper-nrin’es 
arfe impregnated. It has ’bee n .A t 
cuftom in Germany, for f«ne<5ftip^' 
ries, to colled 'the copper contain* 
ed in fchefe waters; the method ik 
Ample: into pits filled.with. the cop* 
pery water they put old iron ; the iron 
is difiblvcd, and the copper is pre- 
cipitated, and being raked out in 
the form of mud, it is afterwards 
melted into very fine copper. The 
quantity of copper procured by An 
hundred tons of iron, is not always 
the famej it fometimes amounts to 
90 tons, and fridom to Ids than 84*. 

The 

* Mifceh Curi. Germ. Asa. <5 & 7 , p. i;$» 
a where 
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The progrefs of aits is in many 
infiances wonderfully flow. Though 
this method of obtaining copper has 
been long pra&ifed in Germany, yet 
if is but of late years that any fuc- 
o&ful attempts of this kind hive 
«W<le in either England f or 
Irclaod » and that • they have been 
made at all has, in Jreland at leaft, 
been owing, not to the example 
which had been fet in Germany, 
but to an accident. 

There are very celebrated cop- 
per-mines at Arklow in the county of 
WtckUw in Ireland; and from thefe 

mines 

w 

where there is mention made of an oak leaf 
being changed into copper — —the iron con- 
tained in the leaf, probably, precipitating 
the QJpper. 

f jkn attempt was made in 1571, to tratif- 
xnute iron into copper, near Pool in Dorfet- 
fiure* Hutch. Hift. of Dorf, Vol II. p. 1 to. 
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mines there iffaes a great quantity 
of water ftrongly impregnated with 
the vitriol of copper. One of the’ 
workmen having accidentally left* 
an iron (hovel in this water, he found 

w * 

it fome weeks after, fo ineruftcd 
with a coat of copper, that# it w'aa 
thought to he changed into copper. 
The proprietors of the mines, in 
purfuance of this hint, •made proper 
pits and receptacles for the water, 
and have obtained, by means of fbfc 
iron bars put into the coppery water, 
fuch quantities of copper, as render 1 
the ftreams of as much conlequeitct 
as the mines. One ton of iron pro- 
duces near two tons of copper ftutds 
and each ton of mud produces, when 
melted, 16 hundred weijht c 
per, which fells for 10 pounds 

, more 
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more thaA the copper Which is fluxed 
fromri ifi&g*. * 

( Thftrt is « mountain in the iffe 
of J&fgkfo called Peris moun- 
which abounds in copptfr ore ; 
th« bed of ore being above foity 
ifott hr *thici:*>efs. The lefties of 
this mine armuaify taffe between 
fix and /even thouf&id tons of mer- 
t eh an table ore, and daily employ 
> above forty furnaces in fmeluny 
? fc. The ore is not nch in copper, 
$btjtit contains a great quantity ol 
'fblphur^ -which muft he feparntt d 
from it, before it can be fluxed 


* j6w. Twmf. for 1771 nnd 175%, p 
yw, apd for 1756.— Iron often toneme 
gold ( the dtriolic acid has no aftion npor 
‘tfttfl a not the gold contained in the iron 
npPw^whh the precipitated copper, and 

r y U Wt be worth while on this account 
allay this copper t 
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irito copper. The ore is accord- 
ingly roafted; the phlogtftpn, to- 
gether with part of the acid of the 
fulphur, is, by the, violence of t&c 
fuse to*which it is expofed in roam- 
ing, dilperled into the air,: another 
part of the acid fttacks and *d»flblvn 
the copper. The water in which 
the roaflred ore is walked is fo Wrong- 
ly impregnated with 'copper, that 
they have found it ufeful to adopt 
the Gentian method of precipitating 
it by means of old iron, and they 
have obtained in ooe year near one 
hundred ton!, of copper precipitated 
from this water. 

The water, after the topper has 
been precipitated by means of iron, 
is at prefent thrown away •, it would, . 
by evaporation, yield green vitriol , , 
and as above one hundred tons of 

*oi. r. Q iron 
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iron muft be employed in, obtaining 
the fiare-. mentioned quantity of cop- 
per, it may dcftrve to be confidered; 
whether a .manufactory of green vi r 
ttial might not be eftablilhed at 
this and at all other places where 
topper is • obtained by precipitation. 
One hundred tons* of iron would 
-yield, at the^eaft, mo hundred tons 
of vitrioli which, at the low price 
of three pounds per ton, would be 
more than fufficient, I fuppofe, to 
pay the expence of extrading it; 
especially, as means might be con- 
trived of evaporating th$ watery So- 
lution, by a proper application of 
part of that heat, which is at pre- 
sent lcrfr in all the great fmelting- 
houfes, There are other purpofes to 
which this water might be ufefully 
applied, which I cannot inlift upon 
w this place, t The 
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The principal ule of green vitriol 
is, in dying and in milting Of ink* 
^Then the .vitriol is difToived in wa- 
ter, the iron contained in it become 
black by the addition of an infofion 
of gall-nuts. 'Galls are excrefcences 
from the oak they are formed frotri 
rhe exudation of the juices of the 
oak: this exudation i^not fpoott* 
oeous ; it proceeds from the panc- 
ture made in the bark by an infc& ; 
m the hoie which it has made, it de- 
ponts its egg, and the exuding juice 
hardening, 'forms a proper nidus for ; 
r. Mod of the galls have holes* 
m tiiem, the young infe& having^ 
eaten its way through the fubttance 1 
in which it was hatchedt in many of 
thole which have no holes, the in* • 
< _'d may be difeovered in the inCde, 
‘n breaking the gall. The property, 
<1^2 which t 
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which an infufion of galls has, of 
tinging a folution of vitriol ‘black 
or purplilb, renders it ferviccable 
in difcovering the minuteft portion 
of* iron in chalybeate waters. I took 
one grain of vitriol (a grain of vi- 
triol doci not contain quite half a 
grain of iron) and diffolved it in 15 
gallons of water; the, water, upon 
the addition of an infufion of galls, 
became fenfibly purple. Other afir'm~ 
gent vegetables have a fimilar effect 
on vitriol, but not in the fame degree. 

1 will conclude this fobjeft with 
mentioning an experiment, which, 
when procured by a fkilful mantf- 
fa&urer, may, I fhould hope, feme 
tipe or other, become of general 
fcrvice. 

I took a pietje of dry oak, which 
had been felled about a year; 1 
, rafped 
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rafped off from the bark, from the 
fap, and from the heart of the wood* 
equal weights, and put them into 
equal portions of hot water. After 
they had flood fume time, it was 
apparent that the bark had given 
an higher colour to the Water than 
the heart had ’done ; and that the 
water in which the fap*was put, had 
extracted the lead coloai. Into 
equal portions of a foiution Of green 
vitriol* l put equal parts of theft 
feveral infufions, expe&ing to have 
ften the vitriol turned black by 
them all} but the event was, thSt 
the Jaf infufion produced very little 
change .of colour j the lark infufion 
gave a dark biown; and the biart 
infufion inftantly gave one of the 
moft vivid Maes I ever faw. If the 
rafpings of heart of Oak be boiled 
Q.3 f° r 
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for an hour in water, they lofc this 
property of forming blue with vi 
trioij but the cold infuflon forms, 
a fine blue; and if a fdlution of 
vitaiol be poured upon the rafp- 
ings, the whole is changed into 4 
blue naafs, . 




ESSAY 



ESSAY VII. 


OF NITRE, OR SALTPETRE, WlJtQ THE' 1 
APPLICATION* OP ITS ACID TO THE 
INFLAMMATION 0f OttS, AND THR 
CONGELATION OP QUICKSILVER. 

S OME of the more ancient che- 
mical writers were accuftomed 
to make a diftindtion between nitr-e 
and Jaltpetre ; they arc now u(ed as 
fynonymous terms. The conftituent 
parts of nitre are two j — an acid, 
and the vegetable -fixed alttali. This 
propofition may be proved both by 
the decompofition- and the cmpjition of 
nitre. 


Nitre 
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Nitre may be decompofed in the fol- 
lowing manner. — Upon two parts 
of nitre by weight, pour one part by 
weight of flrong acid of vitriol, and 
djftd the mixture. You wtll obtain 
thereby, a very ftrong add, of* a 
ycllowiih colour, and of a moil fuffo- 
tati’ng fmell, and w.hkrh has the An- 
gular property of emitting red fuh>es, 
t>y the addition of water the coloui 
may be rend tied blue or gieen, bin 
the fumes will Hill be red. This »s 
the acid or Jptiil of ard it n 

famed one! 1 called Gin riba ’( fdmm^ 
Spirit of uitic, becaulv Glauber 1 

* J Tb» vtord fpmi »s uled 1 > j r hn t 1 
*ntu* witli gictt Jattudc, *t iu ipjlul +** 
m tbtf (run of v»tru>i» of nitn, ot f i 
fait, mi to nointiU a Unites, as thv ipiut 

of fal a.nmorhc, of hartfhocn, & t. «usd the 
flammable fu.d obt^iiitd by difliUation from 
wine* See, lb tmlrtently tntitkd to tfce of 
{pints. 


X 


gen-- 
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generally fuppofed to have been the 
firft inventor of this manner of ck» 
traSsihg it.— T wo things were diftil- 
led together, the acid of vitriol and 
nitre. JJitre itfelf, we fay* confifts of 
two things; of a peculiar kind of 
acid, • and of the vegetable fixed 
alkali : the and,* we have feen, may 
be extracted by diftillatiooj there 
ought, therefore, to remain, in the 
vcffel ufed for 'the diftillatton, the 
lad of vitriol and the alkali of the 
nitre: and there really dgys remain 
nothing elfe; for the refidue, when 
Jiffolved and crystallized, is found 
to be the very fame kind of fait, in 
all its properties, as would arife 
from the direCt combination of the 
icid of vitriol with the vegetable 
fixed alkali* We need not wonder, 
that we do not find the alkali of 

the 


i 
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the nitre end the add of vitriol in* 
their feptratc forms* but united to- 
gether into a particular kind of fait; 
for the acid of vitriol ha$ a ffrong 
Jifpofition to diflblve all kinds of 
alkalies; it attradls them with more 
force than they arc attracted *by any 
other acid j and it* Was m confcquence 
of this fo peri or attrtfftien of the acid 
of vitriol, that the acid of nitre was 
difengaged from its Other component 
parts the acid of vitriol expelled, 
as it we#e> the add of mere from 
the fixed alkali, and fubftituted ir- 
felf in its place. 

There are various Other methods 
of decompolrng nitre, beSdes that 
which has beeii mentioned: thofe 
t who prepare aqua foriis, ufually diftil 
the nitre in conjun&ion either with 
tlay or with green vitriol, calcined 

to 



( ) 

w a* certain degree. The acid of vi- 
triol is’contained in many kinds of 
clay, as well as in green vitriol; but 
it leaves both the day, and the iro$< 
of the green vitriol, so unite itfeff 
witk the alkali of the nitre ; and the 
acid of* nitre being thus fee at liberty, 
by the intervention of the acid of 
vitriol-, and beirtg alfo of a. volatile 
nature, it is cafify made vt afceml 
in vapour, which, being collected 
in proper veffels, becorrtes the aqurt 
fortis of the (hops. i 

It may appear from what has been 
laid, that the acid' of nitre and aqua 
fortis are but different names for the 
fame thing ; the matter is not quite 
fo, unkfs the reader, will* underftand 
by aqua fortis, pufe aqua fortis; for 
whenever the acid of vitriol, or any 
fubftance containing k, is ufed ia 

the 
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the proccfs.fcr decompofwg nitre by 
diftillation, a portion of the acid of 
vitriol is diftilled in conjun&Ton 
with the acid of nitre : hence the 
'common aqua form may be confi- 
dered as a pure acid of nitre, noised 
with a> portion of the acid of vitriol. 
This portion of the* acid of vitriol is 
thought to render the aqua form 
fitter far the purpofes of fome par- 
ticular artift# : thus engrsve^s and etch- 
ers ufe an aqua form which contains 
about one tenth of its weight of the 
acid of vitriol } and the proportion 
of acid of vitriol, which enters into 
. the aqua form ufed by dyers, is 'ftih 
much gresrer. It is ncccffary for 
refining filver , and for many other 
purpofes, to have the acid of nitre 
quite pure. This tmy be effected, 
either by purifying trie common 

aqua 
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aqua fords by various means well 
known to chemifts, or by difUliing 
nitre with Come fubftance which 
contains no acid of vitriol 5 for 
though it be certain, that the acid 
of vitriol is very ferviceable in dis- 
engaging the nitrous acid from its 
bafis, ytr it is alfo certain, that the 
nitrous acid rrfay be difengaged, 
without the afliflance of the luriolic 
acid: thus I remember having many 
years ago obtained a very ftrOng 
fuming acid of nitre, by dill tiling 
nitre with white /and, which con- 
tains no acid of vitriol. 

The artificial compofittcn of nitre 
is eafily efie£ied. Take a portion of 
the nitrous acid, and pour it into a 
folution of pot-afh, of fait of tartar, 
or of any other vegetable fixed alka- 
li, till no more tffervefoence is ob- 

ferved : 
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Served: evaporate and ciyftainzc 
the compound, - and you will obtain 
a perfe£k aitre. This is ufualh 
caUod a regenerated nitre j and at 
may often fce cryftals of nitre ^al- 
t»o!l inftanraneoofly produced, by 
mixing*^ Solution of pot-a(h with 
a nitrous acid of*a dor decree of 
Strength. 

In time of war with an enemy who 
-has plenty of pot- alb, but no falr- 
petre, the fupplying him with aqua 
foHis ought to be prohibited under 
as fevere penalties as the fupplying 
<httn with faltpetrr ltfelf; bccaufc, 
if he can procure the arjua fortis, n 
will be a,n eafy matter for him, by 
mixing ’t wish hi? pot- aflt, ®o make 
regenerated nitre. The nitre ma) 

. come a little dearer to him than com- 
mon nitre would do ; but it is at the 

fame 
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fame time purer, and fitter for the 
preparation of gunpowder. 

’ Though chemiftry exhibits, to u$ 
x great variety of ftnking phseno- 
mena, yet there is none more fur- 
pricing than that which attends the 
mixing, of the fuming aekt <cf nitre 
•with oil of turpentine. If you mix 
thefe two fluids together in the 
ftvereft weathei, and when *bey aic 
feverallf colder than ice, you will 
fee them inftantaneoufly catching 
fire, and burfiing forth into a dread- 
ful flame. This experiment does 
not always fuccecd with the acid of 
mrre which may ordinarily be pro- 
cured fiom the ftiopsj becaufe it is 
feldom fufficiently ftrongj but when 
n does fucceed, there is great danger 
in nuking it, efpecially if the quan- 
tities which aie mixed together 

amount 
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amount even to a few ounces. I 
have feveral times feen a ‘ thick 
column of flame and fmoke, above 
twenty feet in height, inftantarte- 
oufty produced, by pouring, at onjge, 
a ‘pint the fuming acid of nitre 
on a pinf of oil of turpentine. “Who- 
ever undertakes to* make a fimilar 
infiamipation, woulU do well to 
ufe the precaution of fattening the 
velTel containing the acid to the 
end of a long pole, to prevent his 
being burned by the drops of in- 
flamed oil, which are difpcrfed, la- 
terally, by the explofion, to a great 
diflance. 

Bcrri chins } in the year >671, is 
thought to have been the firft perfon 
.who noticed the phenomenon here 
fpoken of : fince that time the che- 
tnifts of all countries have employed 
. much 
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much attention in repeating and di- 
verfifying thii celebrated experiment. 
'In the philosophical TranfatQions 
for 1699, we have a table expref- 
ling, ac one view, the cfie& which 
the acid of nitre has upon a variety 
of other oils^ a*, well as* ttpon the 
oil of turpentirie j we there find 
enumerated i2*forts of oils, $vhich, 
when mixed with acid of wwl, effer- 
vefeed, and exploded with a flame ; 
18 forts which effervefced# but did 
not take fire j and 9 forts.which 
neither effervefeed nor took fire. Ip 
addition to dtp information contain-. 
etT in this table, we are indebted to 
the Frenph chemifts, for a variety 
of interfiling memoirs on the inflam- 
mation of oils j both by the Ample t 
nitrous acid, and by that acid when 
mixed with the acid of vitriol. The 
vol. 1. R reader 
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reader will, perhaps, be fatisfied 
with a general reference to the moft 
approved authors * on the fubjeft j 
efpcctatty u there is not any very 
fatisfa&ory folufton given df the phe- 
nomenon. 

We know that a piece of iron may 
be hammered till it glows with heat; 
that th| axle-tree of* a carriage may 
be fo heated/by the yapidity of the 
motion, or the violence of the fric- 
tion a* to inflame the wood conti- 
guous to it ; that two pieces of wood 

may 

* See Men. de l’Acad. de Far. Ann. 
1701. 17*6. 1747. and Maequet’h Elem. of 
Cfacm. VoJ. T!. p. 149. Eng. Trent and 
efpecuSy MugUitnbroek’g Additions to the 
Experiments of the Florentine Academy. This 
Indoftriovw phiiofopher baa there given tis 
above a 00 different experiments, illuftrating 
the change of temperature arifing from the 
mixture of water \ of fpiritB Of wine ; of vine* 
Vgar ; of tK< n ineral acids ; with a great variety 
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may by fridtion be made to take fife* 
.and we infer from theie, and other 
appearances of the fame kind, that 
she motion excited by the a&ion*of 
puticvtlar acids upon particular oils, 
is fufficient to produce thjit degree 
of heat which* i§ rajuifite to indame 
the oils. 

It does not feem to be* a fimple 
mixture of two ingredients which 
produces heat* they muft ad upon 
each other in a manner different from 
what accompanies a fimple mixture, 
md this aftion does not always take 
place immediately. Thus, if we 
uvx 2 parts of fpirit of wine with 
x part of frefh fuming acid of nitre, 
the mixture will often remain cold 
for near ten minutes, but it will at- 
’aft be&in to acquire a great degree 
of heat, and it will boil with great 
r 3 violence 
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violence for a conAderable length of 
time. In like manner, by mixing* 
together equal bulks of ftrong acid 
of vitriol and water, we may excite 
a degree of heat greater than tb at 
in which water boils : but it is not 
,a Ample mixture whith takes place 
on this occafion, tlys very texture 
of the bpdics. feems to be broken, 
for the compound occupies lefs fpace 
than what the two ingredients would 
have occupied, had there only been 
a Ample mixture. A pint of water 
mixed with a pint of od of vitriol 
will not make a quart, as it woujd 
do, if mixed with a pint of milk 
but then no heat would attend its 
'mixture with milk, and a very great 
degree of heat attends its mixture 
with the acid of vitriol. It cannot 
be faid, that the acid of vitriol is re- 
ceived 
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ceived into the pores of the water ; 
for then a fmall portion of add 
* might be diffolved in a large portion 
of water, without augmenting its 
bulk ■>' ; but the very form of the 
bodies is changed ; there is, in thd 
word* of Dr. Hooke,’ (who firft ob- 
llrved that acid of vitriol and water 
when mixed together poffeffed left 
lpace than when iepmte) »a penetra- 
tion of dimenfwm — Is heat ever ex- 
cited by the mixture of two fluids, 
when the bulk of the compound is 
f-qual to the fum of the bulks of the 
two ingredients ? 

Strong acid of nitre, when mixed 
with cejmmon water, or with fhOw 
water, produces a great degree of 
heat i when mixed with water con- 
r 3 ’ gealed 

* Philof. TYanf. 1770. p. 353. 

f Haukftee’s Exp. Ed. 1719. p. *9 (■• 
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gealed into ice, or fnow, it produces 1 
die greateft degree of cold which has 
ever been obferved on the furface of' 
the earth ; and this property of the 
acid of nitre has given oecafion to 
one of the fined difeoveries of die 
prefect century, — the converfion of 
quickfilver into a malleable metal. 

In the year 1759, upon the 14th* 
day of December old ftile, there was 
Obferved a greater degree of natural 
(old at Peterjburgk, than had ever 
before been noticed, fince the time - 
that the Academy had kept Me- 
teorological regifters ; Fahrenheit’s 
thermometer ftandmg at 66 degrees 
below the freezing point. In a few 
days the cold grew more intenfe, fo 
as to make the thermometer, on the 
d6th of the fame month, fink to 741- 
degrees below freezing. This is 

efteemed 
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efteemed the greateft degree of ha- 
^ coral* cold which has hitherto been 
obferved at Ecterfburgh. This eoW, 
though very great when compared 
with' what we experience in Eng 5 » 
laTTd in the fevereft feafons, is fat 
lefs chan what is ordinarily felt In 
Siberia j ico degrees below the freez- 
ing point, having been often ob- 
ferved ; and on the 5th oif Januaity 
1735, the thermometer fell to 15 7 
degrees below freezing*. When this 
degree of cold was fir ft publtOkfed to 
the world by Gmelious, who^made 
the observation* at Jen&fdfty httaoy 
* a 4‘ fu£ 

* In the treat* ft (Kow Comsw. Pettop. 
Tom. XI*.} from which this account i* priori- 
pally cxtra&cd, the degree* of hast and «oM 
art t ft imated upon the fcalcJfi De Lifle’s thej* 
aometer $ but Fahrenheit’’* being more known 
in England, I have every where ftibftiMtcd 
thecorrefponding degree* of Fahrenheit’* fade 
in the place of the other. 
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fufpe&cd the truth of the accounr, 
<kr queftiohed the accuracy of. the 
obfervation j but their fufpicions’ 
were ill founded, for an equal, if 
ndt a greater degree of cold was ob- 
fervfd in Sweden in i; 0 o 4 } antT^e 
Iball fee* prcfently that a cold even 
greater than what is- here mentioned, 
has been experienced.! n other places 
of Siberia, as .well as at Jenefeifk, 

Fahrenheit in 1 729 had tried what 
degree of artificial cold he could 
produce, by diffolving poundtd tsi 
in ftrong aetd cf mtu; and he was 
very mu^h furpnfed at the event of 
his expei imem.% for the quickfilver 
Junk to 7 a degrees below the freez- 
ing point. Boahaave calls this dii- 
covtry a th iy incredible before, and 
* ▼ alks 

* Novi Comm. Fttrop. Tom VI. p* 39. 
Sum. PIT. 
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aflcs with aftonilbment, what monad 
could ever have thought of k? Na* 
ture, fays he, bad never produced A’ 
degree of cold greater than 32 de-' 
grees below freezing i and all am-' 
mal? and vegetables exposed to fuefa 
a feverity of cold inftantly perUh- * 
ed . In tb» obfervarion Boerhaavo 
was certainly /niftaken ; for both 
•ininuls and vegetables Can* exift in 
degiees of cold which arc far fupe- 
;.or even to the utrttoft artificial 
rold which Fahrenheit produced. 
Several philofophers have, at dif- 
kicnt times, repeated Fahrenheit’s 
eftpeument, but without being able 
to produce a greater degree of cold 
than he had done. 

Profcfibr Braun, at^&ft, on the^ 
i4th of December, in the year be- 
fore 


* Bocrh. Chem. Vvl. I. p. 162* 
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fore mentioned, began his experi- 
ments, with no other view tffen that 
■% • 

of producing a greater degree of cold 
than any ‘perfon had done before 
Ijim y for he rightly conje&ured, 
that the greater the degree of natural 
cold prevailing in the air, the 
greater would be that of the artificial 
cold. With this defign he followed, 
in his firft attempts, the procefs of 
Fahrenheit, pouring the acid of nitre 
on powdered ice $ and he fucceeded 
to bts wiflaes, having made the mer- 
cury fink to too degrees below the 
freezing point. With hopes of pro- 
ducing a fill! more remarkable tol'd, 
he continued his experiments; m 
the courfe of which, having ufed all 
# his powdered ice, he fubftituted 
fnow in its ftead, and to his infinite 
farprife and fatisfattion, he found 
d the 
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the mercury had defcencted to 383- 

degree^ below freezing. Sufpedfc* 

mg that his thermometer was broken, 

he took it but of the mixture, and' 

found it uninjured } but he was be* 

yonsk. meafure aftomfhed at feeing 

the qutckfilver remain for fome time 

immovable in thq tube ; it did not 

begin to afcend till it had flood 

above 12 minutes in a warm room* 

« * 

He communicated this difcovery to 
the Academy at Pcterfburgh, on the 
17th of the fame month, and dated 
:he congelation of quickfilver as a 
probable truth; for he had con- 
cluded it to be frozen, from its re- 
maining for fo long a time immov- 
able in a warm air* In a few days 
he repeated his experiments, and 
purpofely breaking the bulbs of fc- * 
veral thermometers, he obferved the 
z mercury 
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mercury to be congealed in them all. 
This congealed mercury re fern tf led the 
moft poliihed filver in Juftre ; was 
found and confiftency like lead ; 
for he hammered it, and cut it with 
a knife, before the heat of tfie at- 
mofphefe reduced it to its ’former 
fluid date. This 'wonderful difco- 
very excited the attention of his col- 
leagues* in the Academy j his expe- 
riments were fuccefsfully repeated 
by feveral of them j and it was fur- 
ther obferved, diit folid mercury 
funk in fluid mercuiy, after the man- 
ner of metallic fubitanCes in general. 

The congelation of quickPlver, 
notwithftanding the accyrne ac- 
count given of it by Braun, and the 
many cye-witneifts of the fact, has 
been queftioned by counfellor Leh- 
man of Peterfburgh, According to 

his 
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his obfervation, f( the mercury em* 
ployed* by Profeflbr Braun in bis 
experiments, was diftjlled in the 
common way, through water, and 
the^water only was frozen, and not 
the mercury itftlf ; bur having em- 
ployed* mercury diftilltd 'without 
water, and carefully purified from 
all watery particles, the mercury 
would not congeal, although com- 
mon mercury did freeze when fet 
tn fnow mixed with fptrit of nitre* 
or fpirit of fai ammoniac In re- 
liance upon the juftnefs of this ob- 
iervation, it has been affirmed that 
mercury “ is a femi-metal, which 
continues fluid in the molt inteflfe 
freezing, either natural or artificial* 

or 

* Counfellor Lehman’* Obfenration*, quoted 
t\ Dr. Toifter, in his Introdudhon to Mittcra- 
*°f)> *768. p. 32. 
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or when both are combined.” I do 
not think this objection of tfounfel- 
. lor Lehman of much weight, when 
‘put in competition with the great 
v number of experiments which Braun 
• appears to have made with accuracy, 
and related with fidelity. He him- 
self hints at this objeftion, in the 
Supplement which he poblilhed to 
the account 'of his difcovery ; but 
he docs not formally refine it, as 
not thinking it of fofifcient confe- 
spience*. The vapour of diftilled 
msrcury is indeed generally con* 
denied in water] but the mercury 
U afterwards ftrained through lea- 
ther, and ocherwife clean fed-; fothar 

Ido 

. * Cogitanmt quidam mercurium forCtan 

wl ob tmpuritatem, vet oh admistani mercu 
no wpiam congclari, fed hare hypothecs qium 
quidam fumferant, til falfiffirm, omnera m 
Turpoiibut fieri cong<htionem fib sqnam eon 
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1 do not apprehend that it con rahat 
any waiter, Specially that which «a 
ufed in thermometers ; for ill mate- 
ing of thermometers, the mercury 
is expofed to a great heat, which 
would effe&ually diSipare any par- 
ticles of water, jf any werckft ad- 
hering to it. 

The author of this fine difcoweep 
has made many experiments, in or- 
der to determine what is the fmaHcfi; 
degree of natural cold which is- re- 
queue to make the congelation of 
quickfilver by an artificial cold, 

’ arifing from the mixture of acid of 
nitre and fnow, fuccecd ; and he is 
of opinion, that the degree of na- 
tural cold ought not to be ill chan 
}o degrees below the fceeai^g point, 
.0 make the congelation begin) and ' 
rlut it ought to be 4 a degrees be- 
low 
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low freezing, to make the conge- 
lation complete. It feems,' if we 
may rely upon thefe experiments*, 
that we can have very few oppor- 
tunities of attempting on rational 
grounds to freeze quick filve?T by 
means of (how and ,acM of nitre; 
for it very rarely happras that the 
natural cold in England is 30 de- 
grees below the freezing point, at 
leaft near the furface of the earth. 
This reftri&ion is added on account 
of fotne obfervations which are faid 
to have been made at Glajgow, in 
January 1 780. On the 14th of that 
month, at fix o’clock in the morh- 
ing, a^hcrmometer placed .upon the 
fnow in, she obfervatory park, flood 
at S 3 dffgfec* below freezing, whilft 
one laid upon the fhow near the 
furfacc of the earth, was only 18 
s degrees 
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degrees below freezing. -i—iliis 
difference probably proceeds froftn 
hence, that the body of the earth 
warms the air which is contiguous 
to it, and thus’ ccnanterafts the cold, 
which may be accidentally gene- 
rated rn ri^atjnofphcre, rnbre pow- 
erfully near its Surface, than at a iff 
great height above it. It would 
be worth while to obfenTO the tem- 
perature of the air, at the bottom 
and at, die top of the Monoment, 
or any other high building in the 
form of an obelilk, at all feafoft* of 
the year, cfpecially in winter time, 
as greater degrees of cold may pro- 
bably prevail, from the fall of fnow 
and other caufes in the air, at the 
rop of an high building than at the , 
bottom, cfpecially if the building 
tapers up into a point, fo as not to 
vot. i. - S afford 
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tfffbrd a gwat.mafs of matter to heat 
the ambient air. • 

The precift degree 6f cold requi- 
fite to freeze mercury, cannot be af- 
certaitted on account of the fudden 
and irregular contractions which it 
is obfcrved to fuller, juft before it 
i>ej^ns to be foliAj it continues to 
defoend, after the part contigumi;. 
to the bulb of the thermometer be- 
gins to freeze ; but, probably, not 
Ida than 600 degrees below freezing 
are requifirc to congeal It wholly. 
It is remarkable, that oil of faffafras 
wood, of chamomile flowers, the 
liquor which remains from th$ boil- 
ing of fra fait, and feveral other 
fluids, continued uncongeakd, in the 
fame degree of cold in which mer- 
cury was frozen. 


Since 
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Since the difcovery of the cpogdf* 
tion of quickfilver made by profdjfor 
.Braun, philosophers have been very 
attentive, in many places, to c(fe& 
the fame thing by the fame artificial 
meajjs; and they have fucceeded in. 
fome places, particularly at Albany 
Fort in Hdffoi!’sJ 3 ay,wh|re quickfil- 
ver was frozen by Mr. Hutchins on 
the igth of January, 1775} the cold 
of the air then being 60 degrees be- 
low the freezing point. In this ac- 
count it is obferved, that the ftandard 
thermometer, when taken out of the 
mixture of add of nitre and fnow, 
fe.ll 10 degrees lower than when the 
bulb was immerfed in the mixture. 
A fimtlaV phenomenon had been ob* 
Served by profefior Biaun more than 
once; and he accounts for it from* 
ihe acid’s continuing to diflblve the 
* e fnow 
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fnow adhering to the thermometer. 
—May 4t Itaot proceed from the 
quitknefs with which the moifture 
adhering to the bulb of the ther- 
mometer! is evaporated, in confe- 
rence of the great warmth of-the 
air when ;eom pared’ with the.cold- 
nefs of the^moifture * ? The Ruf- 
fians being more favourably fituated 
than mofl. other philofophers, for 
making experiments on the efFtfts 
of cold, it is from them that we 
mull exped the further profccu- 
rion of this fubjed ; i will therefore 
iay before the reader, an account of 
the congelation of quickftlvet, hv 
the natural coldnefs of the atmo- 
fpherc, which prevailed at Krajncy- 
arjk , in the fouthern part of the 
province of J 'oboljk: the account 

is 


• Plulof. Tranf. 1776, p. 174 & 59a 
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is tranflated from M. Pallas * s Tpur 
thisoiifh Siberia, Vol. IV. Part t&* ' 

1763* r . 

“ The winter begun this year 
very early, and was felt with uncom- 
mon fe verity in the month of De- 
cember. On, the 6th and 7th of that 
month, there was the hard eft froft 
that I have tfver oWVrved in Sibe- 
ria , the air was calm, and as \t 
wti e thickened ■, fo that in a quite 
clear (Icy, the fun was feen as through 
a fog. On the Ibfth in the morning, 

1 obferved my thermometer, which 
had been carefully made, but was 
hot graduated above 102 degrees 
below freezing ; the quickfilver was 
funk into the hulb, except fame 
fmall pieces which were clodded to- 
gether* and ftuek in the flen> : this 
was an accident which I had never 
s 3 e *r e ~ 
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experienced with the fame thermo- 
meter, though l had ufcd it* eight, 
years. Upon carrying the thermo- 
* meter into a Harm room, the clodded 
pieces fell immediately into the 
bulb, but the quickfilver did not 
begih to*afcend till near a rhinute 
after. 1 repeated this experiment 
feveral times with thfe fame fucccfr, 
there remaining in the tube fome- 
tirnes only one, fometimes feveral 
little pieces of frozen (juidjilver. 
"When the quickfilver in the bulb 
was warmed by the application of a 
finger, it prefen tly rofej and it wa* 
plainly fecn, that the part which was 
frozen in the ftem refitted -the rife 
of the quickfilver a confidcrable 
time, and was at laft thrutt upwards, 
afeending with a fort of violence. 1 
ixpofed to the cold about a quarter 

of 
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of a pound of quickfilver in anoperr 
vcflek; the quickfilver had been 
deaofed as much as poffible by vi- 
negar and leather, and it was well 
dried : in lefs than an hour its ftlr- 
face* was frozen, and in fome mi- 
nutes •after it was all condenfed- by 
the natural cold*into a foft fubftance 
like pewter. When the inner part 
was yet in a fluid (late, tfus far face 
being broken, was wrinkled in fome 
places, but the greateft part remain- 
ed pretty even in freezing, as was 
the cafe alfo with a larger quantity 
of quickfilver, which was ft ozen 
upon another orcafion. The frozen 
matter of quickfilver was more flexi- 
ble than lead, but. more brittle than 
pewter, and when hammered into 
thin plates, it feemed fomewhat gra- 
nulated } but if the hammer was.* not 
s a per- 
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perfe&ly cooled, then the quickfil- 
ver glided from it in drops; the lame 
happened if it was touched by the'' 
finger. In a warm room the quick* 
fjiver thawed like wax over the fire, 
and did not melt all at once. If the 
frozen mjfs was broken in the cold, 
the pieces clung together and (luck 
to the fides of the.vefftl wherein 
they were placed. Though tire froft 
towards the night Teemed to abate a 
little, yet the frozen quick filver re* 
mained unaltered, and the experi- 
ment with the thermometer could 
fttll be repeared. On the 7th of 
December 1 h ui, during the whole 
day’, occafiun to make the fame re- 
marks; but fomc hours after fun- 
fetring, there came on a north-weft 
Vrind, which raifed the thermometer 
to 78 degrees below freezing, when 

the 



< *»* > 

the quickfilver begun to difiblve. 
Shortly after tins, 1 was favoured 
wxch an account from M. Lieutenant 
Gencialie Bril, Governor of blank, 
that in the fame town at 4 o'clock 
in tile morning of the 5th of De- 
cember, the mercury had been found 
faft frozen, both in the thermome- 
ter and barometer, both of which 
had been made by profeftbr Lax- 
man when he refided in Siberia. It 
flood in the barometer 27 inches 7 
lines, and the upper five lines were 
quite broken, but it was liquid again 
at u in rhe forenoon. The thermo- 
meter was clodded at 76 degrees be- 
low freezings and under the 91ft' 
degree below freezing there was an 
empty fpace of near xi degrees. To- 
wards 1 x o’clock all was gone into* 
the globe, and at one o'clock when 
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It was again come into motion, it 
ihewcd 1.24 degrees below , freez- 
ing-” 

From thefe difcoweries of the Ruf- 
fians we are fully authorized in con- 
fidering quickfilver as a metal, .which 
requires a greater degree of fold to 
keep it in a lblid ftate than is or- 
dinarily met wirh upon the furfacc 
of the earth gold, and filver, and 

iron, if carried nearer to the fun, 

¥ 

would be perpetually fluid j and 
quickfilver, if removed fuither from 
it, would Oc perpetually folidj nay, 
it may be fairly doubted, I think, 
•whether there may not be elevated 
places upon the fuiface of the earth 
cold enough to keep quickfilver in 
a folid Hate, at leafi during the 
-greateft fe verity of winter. 


ESSAY 
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',¥ iJ*B MANNER. Of MAKING SALT- 
PETRE IN EUROPE, ANi> 9 F ITS 
GENERATION. 


S ALTPETRE enters in a large 
proportion into the compofition 
of gunpowtlepj hence, after the d!f- 
covery of gunpowder, all the Rates 
of Europe were eager in their endea- 
vours fo amafs Urge quantities of 
faltpetre/ and ftudioufly fought out 
/arious methods of preparing it; for 
altpetre is by many looked upon as > 
the produffion of art rather than of 
nature. 

Gun-* 
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Gunpowder ‘was very probably 
n»de‘in Eagfand £i> early as the year 
*417.' In Henry V.’s directions for 
equipping his fleet With all requisites, 
\mder the ^fcnerai name Jiuffuta, we 
find mention made of Carlonarn , and 
of viptiti ptparum depuhirt de cario- 
nibtts Jalicis* : thcfe' twenty pipes of 
willow-coal powden, -could be for no 
other pHrpofe, one Would think, than 
for the making of gunpowder, it 
gunpowder itfelf did not conic tinder 
that denomination, Xhree years be- 
fore this, a proclamation had been 
iffued, forbidding the exportation of 
gunpowder, and in thofe early ages 
of commerce, it may be thought un- 
likely chat gunpowder would be firft 
imported into England, and then 
exported again, Hollingihed, in his 

Chro- 

* Rvaer’S Feeder, 'to m. XI. p. 543 . 
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Chronicle, fpeaks of the capture of 
two French veffels in 13-86, with* 
“great quantity of gunpowder, which, 
he fays, was more worth than all the 
reft of the cargos but had no gtm-f 
powd«r been then made in England, 
it would. have been natural % him to 
have mentioned that ciroimftance* 
This, however, # is mere conje&ure, 
and a more diHgem fearoh into anti- 
quity may, perhaps, fhew it to be ill 
founded. T here is a di verfity of erf. 
timony on this ful^eft ; one author * 
aflerting, ‘that queen Elisabeth was 
the firft -of our princes who caufed 
gunpowder to be made in England; 
anotherf informing us, that a houfe 
near the 1'ower, in which gunpowder 
was made, was blown -up in the reign 

of* 

* Baker’s Chron. p. ^99. Edit. 1 696. 
f HoUing&ed’* Chron. year 1552. 
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of Edward the Sixth, and fifteen 
gunpowder-makers fiain by the ac- 
cident* Bor, whenever gunpowder 
was firft made in England, it is not 
without reafon, that we foppofc it to 
have been made of laltpetre ipanu- 
faftured in England ; fince it is not 
at all likely that any' foreign power 
would permit the exportation of Jo 
important, and, at that period, fo 
fcarce a commodity. 

Befoie fuch Urge quantities of 
iahpetic were imported from the 
Eafi: Indies, the manufacturing of it 
in England was much attended to j 
though it appyrs, from a proclaniA- 
tion of Charles the 1'irft, in the year 
i6a 7, that the faltpttre-makus were 
never able to futaifh the lealm with 
•one-third part of the falipttre re- 
quifite, c^lecially in time of war. 

7 'I his 
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This proclamation was iflued In 
1627,. in confcquence of a patent 
“granted* in the year 1625* to Sir John 
Brooke and Thomas Ruflcl,for mak- 
ing falrperre by a new indention*. 
In this new invention, great tife was 
made of all forts of -urines for the 
proclamation ordeis all perfons to 
favc the urine of their families, and 
as much as they could of thnsof their 
cattle, to be fetched away, by the 
patentees or their affigns, once in 
twenty-four hours in the fummer,and 
in forty- eight hours in the winter fea- 
fon. This royal pioclamation was no 
imall inconvenience to the fubjefl ; 
but it was not fo great a one as that, 
by which the falcpetre-makcrs were 
permitted to dig up the floors of all ^ 
lovt-houles, ftables, &c. the pro- 

pr»eror$ 

* Rjmu'srerd.Tom. XVIII. p.813. 
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prietors being at the fame time pro- 
hibited from the laying of fuoh floors 
with any thing but mellow earth.* 
To this grievance all perfons had 
been fubjefted by a proclamation in 
1*625, which was revived in its<chief 
•extent in- 1654, the new invention 
not having anlwcred the purpofe for 
which the patent had- been granted j 
and it was not rill the year 1656, that 
an aft of parliament paffed, forbid- 
ding the faltpetre- makers to dig in 
houfes or lands, without leave of 
the owners. 

As in England the earth impreg- 
nated with the dong of pigeons, the 
urine of cattle, Sec. was formerly fup- 
pofrd to belong to the crown ; fo in 
France, the rubbifh of all old houfes, 
-the mellow earth of ftables, cellars, 
4fec. does at prefent belong to the 

king. 
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king. In the dominions of the.kwg 
of PtufEa, and in many part* of Ger- 
many, die inhabitants are obliged 
to build mud walls of any fat earth 
mixed with ft raw j and thefe walls, 
in a»longer or fhorter time, accord- 
ing to the quality of the materials of 
which they are 'built, and the fittia- 
tiorf in which. they are placed, be- 
come impregnated wjtb ialtpetre. 

There are a great many materials 
from which faltpetre may be made j 
in general, all animal and vegetable 
f ibilanret, when mixed wilh lime* 
•lone earths, or jfllliilrs of different 
torts, in fuch proportion as to excite 
a putrciadlion in the mats, are pro- 
per lor this end. The parts of ani- 
mals, without any addition of earth, 
are faid to yield faltpetre by purre- 
*-£lion j uripc nightly putrefied gives 
vox., l. T fait- 
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filrpetrc in a fmall quantity; being 
fully putrefied it yields it mote abun- 
dantly*, Kuncfeel took frcfti blood > • 
and left it to putrefy in a war np place 
tilt it was reduced to earth; he ob- 
tained, by this means, above»five 
pounds of.faltpetre from one hundred 
pounds of blood ■f'. . If this experi- 
ment may be generally relied ox, it 
might, perhaps, be worth while to 
extract the faltpetre from the earth 
remaining in the blood and garbage 
holes of flaughter-houfes. The me- 
thod of extrading faltpetre from 
the earths in «i#it is generated, 
is much the fame in all countries. 

It confifts in pouring water upon the 
earths, to diffnlve all the fait, ‘of what- 
ever kind, which is contained m 
them# in palling this water through 

wood- 

* Kunek.Chero.Vol. II. p. *96. 
t Id p.aj5. 
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wood-a/hcs, in order to fupply the 
unformed parts of the faltpe$re frith 
• a proper alkaline bafis, and in ev«- , 
porating the folution, till it be of 
a proper ftrength to {boot into 
crystals. The faltpetre obtained 
by this firft cryftalliaation, is fel- 
dom pure enough for Ihe pur- 
pofes of making gunpowder, or of 
medicine*. 

1 -do not know that we have at 
prefent any faltpetre works cftabldh- 
ed in England. There have been 
many projects propofed for making 
ir, both in the laft anti prefent c<n- 
n’ ttiry, 

•The reader who wi&e* to know more of 
the manner of making faltpetre, may ton-* 
fi a very good paptr of Mr. Henihaw^, in *- 
Bifhop Sprat's Hiiiory of the Royal Society , 
p z 6 o\ or Newman's Cbemlftry* publiflud 
1 y Lewis* p. 197 ; or Glaubers Rrofperity # 
ox Get many ; or Clarke's Nat. Hift, of Saft- 
p tre * the m inner of making it in ^odofia., 
jsddiribedin Philof, Tr*of. *7^. 
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tury, but they have all ended more 
to the disadvantage than the emolu- 
ment of the undertaker*. ThefcocJc-. 
ty fear the Encouragement of Arts and 
Manufa&wcs in vaui proposed pre- 
miums for the making of Saltpetre, 
from the year iy$6 to ty 64* : thefe 
premiums were never'claimed, and a 
ftltpetre work, which was, about that 
time, eftablitoed at ‘the expence of 
above fix thou'fand pounds, wa* at lad 
abandoned j the proprietors having 
been experimentally convinced, that 
they could not afford to fell their 
fakpetre for left titan four times the 
pace of that imported from India. 
1 he reafon of thh conftant failure 
irt ail attempts to make fairpetre with 
profit in England, may be attributed 
. partly 

* Duffie’f Mnaoirs of Agriculture, Vvl. I. 
t* <97 • 
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partly to the nature of the climate, 
whicli probably does not generate 
faltpetre -fo abundantly as fome 
other climates do ; but principally, 
it is^apprehended, to the dearnefs 
of the wood-aCbes generally ufed in. 
preparing this- fubltance, and to the 
high price of the labour which muft 
be employed in collecting, and ma- 
nufacturing the materials. 

How far wood- allies are in all 
cafes nccdTary for the extraction of 
faltpetre from the earths containing 
it, may be much queftioned from the* 
rifulr of the following experiment. 

From an old barn, belonging to 
the Dean and Chapter at FJy t 1 todk 
fome decayed mortar, which was full 
of thofe faline ftioots frequently feen. 
on old walls, and boiled it io a pro- 
per quantity of water. The water be- 
t 3 ing 
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mg filtered and evaporated, afforded, 
in fjreat plenty, fine well-formed 
cry (tals of faltpetre : the cryftals were 
taken out and dried, and the remain- 
ing part of the folution was again 
evaporated, and it again yielded very 
good faltpetre : bufe I* could not oh- 
ferve that there was any occafion for 
wood-allies to make any part of the 
folution cryftallize, or that there 
wire formed any cryftals either of 
fea fair, or of any other fait, except 
faltpetre. 

This experiment, which 1 repeated 
more than once, concraditb a veiy 
generally received opinion, nanitl/, 
that falcptire cannot be rmjde from 
the rubbilh of old buildings, without 
•the comuirence of the fait fepaiuble 
from the allies of burnt vegetables'*. 

it 

* ■ — nullum nitrum a nobis hie in En- 
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It cannot Be denied, that the vegeta- 
ble fiked alkali is one of the Cojjfti- 
tuent part* of feltpetre j but it is con* 
tended, that the burning of vegeta • 
bles is not the only way of procuring 
that alkali, fincc we lee, from this 
experiment, tl^t it was as certainly 
formed in the mortar as the faltpetre 
irfdf was. 

A lew years ago, a s'fom' 'workmen 
were digging gravel near liur y St. 
Kdhimd'Sy they tref with a large folul 
fubfta.ice of a white colour, fur- 
\ 4 rounded 

7 natum rugnofei* tuju* nafcivifcattm nqn 
ln^red'tuz ftl Jut r, qui m cifluibu& lignoipm 
(ombuftoruna dcpitbuuhtw* J 3 ptih* Chern. 
Vul* II. p. 386. affbuU no pufcA 

Cikpcti**.— Wc may be ufuucd, that ctyllal* 
lint mt ic, wbenufocvcr it comes, has beta 
manufoftuied by ait 5 tin t art has fupplied tis 
aV am* bafts , and reduced it into a cryfiallia* 
*bi m. Ncvvman’b Chen. p. 197- 
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rounded every way with gravel, and 
at the diftance of twelve or fourteen 
feet from the fuiface* Th p y at firft 
miftopk it fqr a lump of chalk; bur, 
upbn rafting it* they foonait to have 
the tafte of falrpetre* 1 have a piece 
of the original lump in my pofieffion. 
It is a folid mafs, v$y hard ; when 
difiblved and cryflallned, it affords 
cryftak, refembling in all their pro- 
perties the pureft faltpetre. L’nkf* 
moie care had bern taken in examin- 
ing the fituatipn of this lump ot 
fahpetre, when it was fall difeover- 
ed, it may be difficult to account foi 
us production; but it is highly pi<T* 
babie, that it was a natural produc- 
tion, and that the fillies of burnt ve- 
getables had never been employed in 
if, formation. The roots of horfe- 
tadilh penetrate very deep into the 
^ 7 earth ; 
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earth; ,and upon inquiry jffound» 
that horfe-radifh grew upon the 
iurfiice of -the earth where this tt»fs 
of faltpeo^ whs formed. Whether 
tins plant had contributed to its for- 
mation, may be a queftioa worthy 
the reader’s co^deration/ fioce we 
know that many plants* fueh as 
boiage, fennel^ the fun-flower* and 
tobacco, yield faltpetre. 

Another obfervation, which may 
be* drawn fiom what has been ad- 
vanced, refpefts the nature of thofe 
i aline efflorefcences which were 
lound in the mortar, and are fre- 
quently to be met with on old damp 
walls, and from which the word fait- 
petre, or fait of ftone (fal fttra J, 
teems to be derived. Many authors* 

have 

* Ste a paper of the very iugcniou* Di. 

Crown- 
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havejteffflcd, that the fait of 
thcfe taoots is the mineral* fixed 
alkali. 1 have reafon, from my own 
experiments on the fubje£t,‘ to be- 
lieve, that the affirmatren is true 
in fome inftances ; but it mull not, 
1 apprehend, be generally admitted,, 
fince we have fern that thofe flhoots 
yield, in fome cirdumftances, not 
the minA-al' aliali , but a perfeft Jalt- 
petre* 

Wirh great diffidence I propo% it 
to be con fide red, whether the fame 
faline fhoots, which in fome cafes 
tonftitute the mineral fixed alkali, 
would not, if left, to themfclvefbn 
the fame place where they are pro- 
duced, be at length converted into 
faltpetr’e. The operation of nature 
* in 

Browati# in Philof. Tratif. for 1774, p. 48;. 
— Opus Chym . by Marggrsaf, Vol. II. 
'JfZ 419— Cronftedt’s Miner, p. 143. 
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In fpontarteoufiy producing^ Hi ofe 
/hoots of mineral fixed alkali, i* in 
no refpe&’tefs Wonderful than the 
<onver(ioa*of the faxed alkali itfcjf, 4 
by a Jonger procefs, into faltpetre. 
This conjeAure, founded on * 

ferent qualities pf theft fallnefl£f% 
and the manner of their being pro- 
duced, may receive fome. confirma- 
tion from the two following faAs. 

“ Near the city of Xen Si in China 
is a town, about wluch the land pro- 
duces three things. One is the foap 
they ufe there, called jK?e#j they 
know nothing of oun. After it 
1 as rained, if the fun Ih.ne, there rife 
out of *the eai ih , certain bladders of 
thick froth, which are gathered to 
walh and whiten linen. Thefccotyl 
is faltpetre , and common fait the third. 
Out pf twenty pounds of ca«h, put 

into 
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into a jar, an£ wrought after their 
manner, they' get twelve pounds of 
fait, and three of faltpetre * ” * It is 
probable, that the Kien here fpoken 
#f, as fupplying the place of foap, 
in part or wholly 8f the 
£nj|pffjd fisted alkali.. “ Upon the 
efi«$ of Coromandel, in a Tandy foil, 
not far from the fea,' the inhabitants 
gather, ‘every morning, an earth 
abounding with a natural alkali} of 
this earth they make a ky, which 
being fliarptned by quick-lime, they 
ufe in filing their colours on their 
linen cloths. But if the alkali be 
left undifturbed upon the plkce 
w litre it is pioduced, it fpontane- 
oufly changes itfelf into falcpetre-f.” 

•If 

* * Churchill's Coll* of Tra\ds, Vol. I. 
JM9* 

f «***»* fi vero tuo gt&ei adorns loao relin* 

quitur 
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If this fluid y earth was wafted, com- 
mon fait and fakpetre might proba- 
bly be feparated from it, as is ddne 
from the Chinefe e*rrh before meftr 
tioned, and the two accounts con- 
firm one another. If thde account^ 

be 

.qoitur alcali pjr&di&tun, fyonte m ntfrvm to 
tranfmutat. MiiccSL Cur, Germ* miu 

9 & ic, p, 460. There Is an account in the 
Fhilofophical TunJaftumi for *771, p. 567* 
of a fiffilc alkali at iult, found m the country 
of Tripoli in Burbary, which our eallico- 
pi inter* * bought afilweitd tltclr purpofe* 
better than any othtr fait they had ever 
Tutd* This obfervatoi conhims tvh^t i* 
fatd of the ufe of tbs fait found on the £oaft 
of Cotomandcl, and teaches us to attribute 
the 'excellency of the Baft India Ctdowft to 
the natuie of the alkali uled m fixing them* 
The French dyers ufc an ^Ifodx prepared 
from tin burning of taitar and Ices of wine: 
this alkali is of the pureft kind , and the foy 
penonty ©f their coloius over thofe of ihoft 
othtr countries has been attulutcd to the 
gnat purity of tht alkali winch they ufed* 
Munoucedt Cfiun. Vok II* p. 556. 
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be admitted, they will greatly tend 
to teooncUe the different opinions 
of chemifts concerning the nitre or 
natron of the ancients i fbme hold- 
ing it to have been the mineral 
fisted alkali, and others eflegning 
it the fame With our faltpetre ; for 
it may in fa& have, been either one 
or the other, or a mixture of both, 
according to its age. 

It may in the laft place be re- 
marked, that fea fait does not al- 
ways accompany faltpetre in the 
earths where it is generated, 13 nee 
not a grain of fea fait could be ob- 
tained from a large portion of t.he 
decayed mot tar. From the great 
quantities of fea £alc ufualiy found 
id faltpetre earths, feme chemifts * 
have conjcftured, that fea ialt was 


• Baum* Chy. Vol. III. p. 
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infenfibly changed into kltpetre; - 
and others, have fuppofcd, that fie 
fame natural procefs which produced 
laltpetre, produced alfo Tea faLt.- 
The fore - mentioned experiment 
renders this iaft fuppofition fome- 
what doubtful j the matter however 
is not certainly eftablifbed either 
way* and there is great room for 
further inveftigation. 

1 his leads us to the tonftderation 
of a queftion of very difficult deci- 
fion— how is laltpetre generated?. 

I am not alhanped to own my inabi- 
lity to anfwer this queftion in a 
manner fatisfa&ory even to myfelf. 
There are powers in nature in a 
great meafure unknown to us* by 
which the parts of f matter are f«b- 
jefted to perpetual change, and, 
forced to aftume arrangements from 
which new compounds are conftant- 

lv 



ly/ttfutoagr 

:.'Ht •.: . d 


r 

■ J^oodf'-'^^f im^'rWtoe, * fat. 


'j&t*. yiatifat ' ’ a * 

-^tpdite.'ii •■ &w&‘ ,'tjie ■ -w# . firfa 

onc 

'i^iBg.'arjteore, ;^othm^n ' : F^fs of 
'nature than the athw, it does oot fo 

«, ar «*ci«e OQr cu ~ 

: ttpPt^’to aCOOHftt.for ,it. The ao- 
"i^efWtht' Spaffiiata, who -was alked 
■'if fie^new' $o#’:,jthe faltpetre was 
•'^afjy.'W^aeated in his grounds, 
weltide all that philofophy 
^i%. : ;df>' . the 4 fubjea:^ 1 have 
;/^«o ■,. . - in'. the one' l - <bw wheat, 
•'* ;, ' :: 'H k «foWs4' ; » the ocher I col- 
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1 V* . Y . . 4 ^ 

..'•* .Hiftoue lfew 4e l*3Bfpagftf» Bowles, 

p> 8®> ' ' 1 

r • There 
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There' wu a time whetrfhe ^ir 
was looked upon, by all chenuftf* a* 
the great * ftorehoufe of faltpetre } 
and the earths in which it was found 
were fyppofed to have attra&ed it, 
ready formed, from the air., > nftead 
of faltpetre in fubftance, fome later 
philofophers have fuppofed that its 
acid part only exifts in the ajr i and 
that this acid part, being atcradcd 
from the ‘air, unites itfelf with the 
earths Which yield* faltpetre. Others 
are of opinion that the acid of falt- 
petre does not float in the air as a 
fubftance diftind from it, but that 
it is one of the conftituent parts of 
the air itfelf ; and )confequently, if 
faltpetre be formed by the earths 
attra&ing this acid, the air ftiuft bt * 
dccompofed. I know not of any 
vol. i. U well- 
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wellj-cQndu&ed experiments, which 

arc fo conclusive in favour of this 

aerial origin of faltpetre, . a$ one of 

Lemery’s is againft it. He put Some 

lime into one difb, fome fait of tartar 

into another, and a faltpetre tarth, 

from which he had exrra&ed the 
* 

fait, into a third. He placed thefe 
three difhes »n a iltuaMon open to the 
accefs of the air, and Sheltered from 
the fun ; he let them continue in that 
Situation for two years, j at the expi- 
ration of that term he examined their 
feveral contents, but no faltpetre 
had been generated in any one of 
them j though faline Shoots -had been 
formed on the wjdls of the. place m 
which they flood. He afterwards 
mixed thefe fame fubftanccs with 

r 

animal matters, and afttr th<$ had 
a flood 
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flood a proper time, they all yielded 
him filtpetre 1 ' . 

Saltpetre, it U granted, fcmnot ha 
produced without airs ty>t a finipje 
txpofure to the air of the materials 
in width it is mod geneially found, 
dot j rot feem to be fufiin<fht for the 
pwpofe. Air is neccflary for this' 
commencing and continuing of that 
inteiline motion of the puts or vc- 
g« table and animal fuhlUnces, which 
is called poor faction ; and 1 do not 
know whether rbe fame may nor be 
laid of fume inlnetals • hence, per- 
haps, it may not be a proportion far 
bom the truth, if we Jhould fay, .that 
faltperre ,is never produced in fub* 
fiances which have not undergone 
a putrefactive fermeatarion. Thus , 
u a Lemcry 


* Mcmoii cs de l’Acadamie dw Sde«* i 
Pad»s ana. 47)1. 
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Lenjiery got faltpetre as Toon as he 
mixed with his earths animal fub- 
flahctSj which ever tend to putre- 
fa£tioh. ( Frdh blood contains no 
fajtpetrc, hut Kuo eke i extracted a 
large quantity from putrifitd blood. 
Frefh urine yields no faltpetre, but 
putrefied urine yields it in great 
abundance, as may be gathered from 
the patent before mentioned, by 
which it was ordered to be fa ml for 
the taking of faltpctre. Quick- 
Time does not -contain a ( article of 
.feltpettes a mixture of fiefh mine 
' and quicklime, if examined foon af 
ter 4 is'madt, will not yield anyi 
■but after being fuffered to putrefy 
for fix or feven ^months, Vtry good 
fftltpetfe may be extrafted from it*. 
4 AU the common proceffes for mak- 
ing 

*iCbymie par M. Baume, Vol. III. p. 594. 
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iiig feltpetre imply the putrefa&kwr 
of thfe materials. Now if it be al- 
lowul that* faltpetre is never pto- 
doced without fome kttid and degfee 
of pmrefa&ion, it may deferve to be 
inquired, whether in its mode of ge- 
neration it has not fome* rdadeo to 
two other fubftancts. univetfaUy pro- 
duced by putrefa&mn j \ mtan jS xtd 
an and volatiit alldtt, Ufa's con- 
infhucs, not fufficientlyr Warranted 
by uijerirnent'to be laid before die 
readei, prut.it thernldvcs on this 
1 etd : one experiment, howevpr* I 
will mention, cfptcially as it is ge- 
nially adduttd by chemical writers 
in fupporc of their themics concern- 
ing the origin and natu.c of the acid 
of faltpetre. When faltpetre ftijd 
charcoal in powder are thrown to- 
gether upon a fire, o«* any rt.i 1 f 
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/ubftance, the faltpetre is fuddenly* 
exploded, with a noife which i» 
ufually called detonation ^ much air 
is fet at liberty there arifes very 
copidus condenfablc fume, and there 
regains, when the detonation is ft- 
nifhed, a fixed alkali j that is, there 
remains one of the eonftituent parts 
of faltpetre ; the other.pjtr, namelv, 
tne acidf i? difgerfed with the fuire. 
Thia cofefiderable fume has been col 
If&ed, and it is fan), to contain no- 
thing but water, mixed accidentally 
with * little fixed alkali, whn h is 
fubpofed to have proceeded from 
thealkaltne bafts of the n.nr *. TU 
liquor, thus collected, is called the 
tlyjfat of nitre. 1 have frequently 
collected this liquor, and always 
found that it abounded with volatile 

alkalt • 

* Di&ion. of Chem. Art. Cijifas. 
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alkali. This volatile alkali may fee 
rendered vjfible in a concrete form,’ 
by dfftilling the clyfius with a gentle 
heat. Iff the nitrous add formed 
from an union of fixed air with yo- 
latile^ alkali by means of putrefac- 
tion ? What is fixed air, and what 
is volatile alkaji, and hoV they 
produced, are qyeftions whj^h w#nt 
an explanation juft as much as What 
is the acid of faltpetre, an# how la * 
i r produced ;) 


* 4 ‘ 


ESS AT 




E S. SAY * ix; 


OF THE MANNER OF MAKING SAfcTf 
FETRE IN -T^B EAST 'iNDISS. 

T HE' reader will not be diA- 
pleafed with feeing fame of 
the bed accounts which I haw met 
with in books on this fubjedt, in tho 
words of the feveral authors, 

,« f There is alfo a great deal of 
faltpetre vended at Suralte, which is 
made at Afmer, ,6a leagues from 
Agra, out of the fatted; ground, after 
it has lain fallow a confiderable 
time. They dig certain trenches, 

4VhIi 



{' 3*4 ') 

which, after they have filled with 
ialt earth, they let in as much wa- 
ter as is fufficicnt to reduce it to 
the confiftency of broth j and to 
icjak it the better, they frequently 
tread it with their feet; whig they 
judge the water has diflblved all the 
faline fubftance that. was in the earth, 
they draw up the water into ano- 
ther trench, where in fume time it 
thickens, when they boil it like fair. 
Humming it continually, and af- 
terwards put it into earthen pots, 
where the dregs being fettled to the 
bottom, they take it out again, and 
dry it to a hard iuMhncc in th<" 
fun *.*’ 

** The manner in which nitre is 
originally obtained in the Eaft In- 
dies, 

* Harris'* Cofle&iou of Voyages, Vol. II. 
p, 128. 
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dies, is (as I have it on the authority* 
of a perfon of unqoeftionabie vera- 
city, who made it his particular bufi-' 
nefs to .procure a juft information) 
according to the following account. 
Thera is a very tall kind of graft 
growing in the country ,whcre the 
nitre is produced ; which, being 
burnt cuftoiruinly in the autumn, 
forms beds of very, lar£q extent, 
covered with fuch flits and earths, 
ri fultmg from Jthe incineration, as 
ire the in oft proper matrices for the 
formation of the nine. Thefe, ly- 
i 13 all the winter on the fides of 
hills cxpoled to the winds, confe- 
quently collect the nitrous Q>i fit 
irom the air, in the fame manner 
as when fpread by art with that in- 
tent; and produce great quantities 
of nitre. After this a rainy fealon 

cnfucs. 
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coffees* which walhes the fait down 
Into the vattres * where the fo^tion* 
partly abforbed by the earth, and 
partly lowing above it, is .expofed 
to the heat of the fan, that makes an 
evaporation of the humidity, and 
leaves the lilt in a dry ftate, either 
Commixed with the* earth, or on the 
furfaccof it *, and thjs is (binetimes 
XttifitSUy' alfifted, by turning the 
rills of water as they defoend from 
the higher giounds by 'propei tani^, 
into places where the abforption of 
it by the gtound is peevented; and 
where therefore the fluid drying away 
- by infolation, produces a ftrong folu- 
tion of the niwe •, which being taken 
* outand purified in that ftate, is after- 
wards reduced into a cry ft alii ne form 
by evaporation 

« Salt. 

InllltuteaofC 1 m. Vo’. IT- 1 . 3’i. 
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te Saltpetre is Ukewife t&e produee 

of Pqfva. It is extracted from <* 

day, which is either black, whittfh, 

or red.. The manner of refining it, 

is by digging a large pit, in which 

-this nitrous earth is depofited, and 

diluted^ with a quantity of water, 

which is kept'ftirred till it cornea <|o~ 

a confiftency.^ The water paving 

drawn out all the lilts, m& die 
• • 

gr offer parts fubfidmg ac the bot- 
tom, the more Jluid particles are 
taken out and put into another pit 
not fo large as. the former: This 
fubftance having undergone a fecond 
purification, the clear water that 
fwims. on the top, and is totally im- 
pregnated with nitre, is taken off and 
boiled in caldrons ; it is leummed 
while u is boiling, and in a few 
« hours a nitrous fait is obtained in- 

. finitely 
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'finitely fuperior to any that is found 
elfewhere*. The Europeans export 
about ten millions of pounds for the 
ufe of their fettlements in Ada, or 
for. home confumption in their re- 
fpe&ivc countries. It is bought upon 
the fpotfor three fols( id. I ) apound 
at the rood, and is fold again to us 
for ten ted.) at the Ica^f.’* 

Bytfll inquiries which I have had 
an opportunity of making, from 
gentlemen who had long rtfided in 
the Kaft Indies, I can only learn, 
that them are certain earths naturally 
impregnated with falcpetrc, and that 
the inhabitants throw up thefe earths 

in 

* I am ignorant of the particulars in which 
the Eaft India nitre excels that made in dif- 
fefettt paits ol Europe. 

$' Hiftoty of European Settlements in the 
Eaft and Weft Indies. Eng. Treat. Vol I 
p. 34*. 
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in little heaps, refembling the heap? 
in which lime is ufually fcatrcred 
over a field before it is fpread ; and 
at a proper feafon they extra& the. 
faltpetre, and cryftallize it withflbt 
making any ufe of the alhes of burnt 
vegetables. This method of making 
faltpetre is much the fame with thar" 
praftifcd in Egypt, as defeated by 
an author near an .hundred years 
ago. The furfacc of the earth, we 
are t.old, Where faltpetre is found, 
is in feme places covered with a 
whitilh cruft j in others, the fait is 
difcovered by the tafte of the earth. 
This earth is dug up, and, being 
palled through a fieve, they fteep 
it in water, and. then boil the wa- 
ter till the fait falls to the bbt- 
. tom. All the gunpowder made in 
. Egypt was formerly made of this 

. fait- 
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Saltpetre*; which Ihews the felt 
thus procured to have been not the 
mineral alkali,, but a true ialtpetre. 

That this is a very poflible me- 
thod of making ialtpetre is certain, 
not only from the experiment^ with 
the old mortar mentioned in the pre- 
ceding Effiy, but from what is con- 
ftantly pcafltifed in Spain, where 
they esltraft large quantities of falt- 
petre from earths, naturally impreg- 
nated with it, without having re- 
courfe to vegetable afhes. A third 
part of the uncultivated lands in 
Spain, is faid to abound with falt- 
petre ready formed. Thefe land?, 
where they are wrought for Saltpetre, 
are turned over two or three times 

in 

Toutc la poudre qu’on fait en Eg) pte 
n’eft fait que de ce nitre, qui eft le vray fal- 
jpetre, Journ, de« Scavaqs, ifiSj. 
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in the winter, and fprlng j and in*, 

Augulfthey throw the earth in heaps, 

and exrtafl the faitpetre by pouring 

water on the eatth, put into proper 

veflels, and cryftallizing the fold 1 ' 

tion. <The earth, after the exurac* 

tion of the fajtpetre* Is /prcad Oti * 

the fame ground* from which it was 

taken, and an the expiration of 

twelve months it again ' becomes 

impregnated with Ultprm*, and 

the fame earths have for time im- 
* 

memorial annually produced the 
Came quantity of faitpetre*. Thn 
Spanifh earth refembles the Chi**i 
oefe earth, mentioned in die laft 
Fflay, in containing a large por- 
tion of fca falc , 4 for they obtain* 
fiom twenty to forty pounds of 

* Hift. Nat. dr IT.fpag. p. 79 * Ptencl? 
Tunf. 1778. 
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common fait from one hundred 1 
pounds of the earth } the crude falt- 
petre attb, as brought front the In* 
dies, is greatly polluted with com* 
than Is the emmoti /alt in the 
Spanifb earth annually regenerated 
as well as the faltpetre f 
r * The lands in Spain, fays the au- 
thor of its Natural Hiftory, if pro- 
perly managed, would ftipply all 
Europe with faltpetre 4 to the end of 
the world. In this circumtfance 
Spain is more fortunate than Eng- 
land, as we are obliged to rely upon 
our importation from the Eaft Indies 
for all the faltpetre we ufe. Spain 
however has not yet been able, or 
witting, to furnilh from its lands, 
faltpetre enough for its own con- 
fymption i fince it is obliged, occa- 
fio«§tty, to bare recourfe to an im- 
portation 
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porta tion <of that commodity from 
this kingdom. 

The E aft- India company had their 
firft charter granted in t6oo: in the 
year i6a6 they publifhed their peti- 
tion and remonftrance to the Houfe 
of Commons, From this tra& it 
appears, that they had a good quantity 
of faltpetre then in (tore, and that 
they weekly made about thirty bar- 
rels of gunpofrder at their own pow- 
der mills, from fuch refined falt- 
petre as they brought from the 
Indies. By their charter; granted 
in 1693, they were bound annually 
to fupply government with 500 tons 
®f faltpetre at 38I. ios. a ton in 
time of peace, and at 45I. in time 
of war. 

The following tables ware ex- 
tracted from the cuftom-houfe books, 
x a by 
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by a perfon on whofc accuracy I 
could depend. • « 

Saltpetre imported annually into 
England for feven years ending at 
Chriftmas 1769. 

(J. q. lb. 

From Xtmas 1762 to Xtm. 1763 — 42580 2 26 

*764 — 22692 3 6 

' r 765— 35399 3 7 

*1766— 41313 o o 

* „ 1767— * a* 

1768— 33840 3 26 

1769— 34437 3 o 

Total imported in 7 years— 247689 3 3 

This quantity gives An annual 
medium of 39630361b *. 

About 

* The Dutch Eaft India fleet in 1709, im- 
ported 2175370 lb. of faltpetre (Schelhamer 
4 c Nitre, p. 82) $ yet notwithftanding the 
great quantities of faltpetre which are annually 
brought into Europe from the Eaft Indies, it 
U reckoned that two-thirds of the whole pro- 
duce of that commodity are fent into China, 
. and 
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About the fame period that the 
government of England bargained 
with the Eaft India company for an 
annual* fupply of faltpetre, a much 
larger quantity was made in Francej 
an author of good credit • informing 
us that in the year 1691 the faltpetre 
which was made in the fcveral dif- 
trifts of that kingdom, amounted to 
— 3647767I pounds.. Thi*isa vaft 
quantity, being nearly equal to the 
average quantity annually imported 
by our Eaft India company. The 
French very wifely keep up their 
cftablilhments for the making of falt- 
petre •, the revolutions whichi have 
formerly taken place in India, ren- 
der it not improbable, that fimilar 
x 3 ones 

And ether parts of Afia, to be ufed m 
orks. * 

* See Mtmoircs d* Artillerie par Si. Suri- 
rc 7 > Tom. 1 I» p. 104. AxnfUx. x 702. 
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ones may take place again; and Eng- 
land would feel the d iff refs phich 
would attend the non-importation of 
faHpctre from the E*ft Indies, more 
f&ifibly than any other flare in Eu- 
rope. This danger has not been ad- 
verted to Jay any Mmifter ; .but if 
the prevention of irftiould ever en- 
gage the attention of rhe legiflature, 
the methods .of making faltpetre 
which are followed in France, would 
deferve to be confidered. For my 
own part I can have no doubt, that 
a plan might be contrived for the 
making of faltpetre in every county 
of this kingdom, by the very mo- 
derate labour of thofe, whole idle- 
nefs is at prefent a burden to them- 
felves, and a reproach to the police 
Of the community, the paupers of the 
fcvcral pah'fhes. 

4 
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ESSAY X. 

» 


«P Tflli TItyE WHEN tiUNP OtfDEIL 
WAS DISCOVERED. 


T HE hiftory Of the difeovery 
. of gunpowder is involved in 
much obfeurity ; the mod ancient 
authors differing from each other 
in their accounts of this matter, and 
many of them confounding two dif- 
tindt inquiries } — the difeovery of 
the compofition of gunpowder ; — 
and the difeovery of the means 
of applying it to the purpofes of 
war. 

x 4 


Father 
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Father Kircber * affirm#, that with- 
out controverfy we ought to ^tri- 
bute the invention of gunpowder to 
j Bar,/ held Schwartz, or Barthold the 
Bfack, a monk of Goflar in Ger- 
many, and a profound alchemift. 
This man paving mixed together, 
r with a medical view; nitre, Julpbur , 
and charcoal, a fpark accidentally fell 
upon the, mixture, blew up the pot 
in which it was contained, and caufed 
a dreadful explofion, The mooli, 
aftorufbed at the event, made feveral 
tepetitions of his experiment, and 
thereby fully difeovtred the nature 
of gunpowder, in 'the year 1354. 
Kircher givei us alio, out of a very 
old German, book which heprofeflls 
to have read, a monkifh account of 
the firil ufe which Schwartz made of 

hi& 


* Kirch, Mud. Sub. p. 487%^ 
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bis gunpowder * he employed it to 
frigbjcen fame robbers from their 
haunts in the woods. 

Sebafiian' Mrnfier Iky a, that he was 
well informed by a very eminent 
phyfician, that the Danes ufed guns 
in nayal engagements jn the year 
1354, and that a chemtft railed 
Schwartz was the firft inventor of 
them . Pont anus, the D&sifa hifto- 
rlan, accedes to this opinion. 

Polydore Vergil, who died in the 
year 1555, attributes the difeovery 
of gunpowder to fame very ignoble 
German, whofe name he wiibe* 
nught never be handed down to 

pofterity, 

* Achilles Gaffes, medtfip# .do&or, it 
huioiiographus, diligentdlime iu ipfit imhi, 
Bombardas anno Chrifti 1354s in ufu appd 
mare Damcum fuifle, primumxjuc inyentortm 
rt autorem txtmffe chymiftam quendam no- 
mine Btjfelioklum Schwartzum moj&aclfUm* 
Munftcr. Cofinogr, Univ* Lib* 3. C. 174. 
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pofterity. He further Informs us, 
that this German invented alfo an 
iron tube, and taught the Venetians 
the ufe of guns in the year 1 380 

"This is the common account of 
the dtfcovery of gunpowder’} its 
truth however is rendered doubtful 
by what follows. 

The battle of Crefjy 'was fought in 
the year 1346 ; and an hiftorian who- 
Jived at that time is quoted by 
Spundanus , as affirming, that the 
J£ngHfh greatly incrrafed the con- 
fufion the French had been thrown 
into, by difchargirtg upon them 
fttjm their cannon hot iron bulletsf* 
^Three years before the battle of 
Creffy* the Moors were befieged 

hy 

* 

* Pelyd. Verg. de Iovcn. Rerun, Lib. II. 


CXI. 

Spcw&Ann. Sod, ana. 1346. & 
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by the Spaniards in the city of^jrw 
ztrasj and we karn from A&r«w#„ 
the Spanifh hi dorian, “ that the 
befiegcd ' did great harm among the 
Chriftians with iron bullets they fhoK* 
the fame author adds, ** this is the 
fir ft time we find any mention of. 
gunpowder 2nd ball in our hifto* 
ries*.” The Earls of Deriy and $*~ 
hjbury are mentioned by Mariana an 
having affifted at the liege of Alge* 
ziras } and as they returned to Eng- 
land in the latter end of the year 
1343, it is not an improbable con* 
jefture, that, having been wirneflfea 
of the havock’ occaftoned by the 
Moorifh fire-arms, they brought the 
iecret from Spain to England, and 
introduced the ufc of artillery into 
the Englilh army at the battle of 

Crefljr, 

* Mah'ana’s Hilt, of Spain, Sag. Tract 



'■ * ( 33 * ) 

Cttffy. The ufe of guns in Spain 
! in the year 1343, is proof “fufli^ient 
fishier that; Schwartz was not the in- 
vestor of gunpowder, or that Kircher 
i and others ate miftaken in fixing his 
difeovery fo late as the year 1354. 

There is rcafon, however, to be- 
lieve, that, both gunpowder and guns 
were known in Germany at lcaft 
forty years before the period affigned 
by the Spanifl> hifterian for their 
firftjntrodu&ion into Spain, In the 
armory at Amberg, in the Palatinate 
of Bavaria $ there is a piece of ord- 
nance, on which is inferibed the year 
1303 *. This is the’earlieft account 

I have 

* Quam oplmoneaa- (of Schwartz bring the 
, inventor of gunpowder). gencroJiflimus Stette- 
nius refutat, cum ex eo quod Ambergx Pala* 
tihatus Superioris in oificina armorum reperia- 
tttr tormtntum mllitarc, cut fit annus 1 303 in* 

. fcripjpis. Ada EVud. 1 769,^. 19. 



t 333 ) 

I have yet met with of the certain*, 
ufe of gunpowder in war; 'and it 
Teems probable enough, as* the Pope 
and the t>vh of Bavaria are thought 
*to have been the firft princes wSo 
made*faltpetre in Europe *. 

It o,ught not to be concealed front 
• the reader, that Camerarivs quotes** 
Danifh hiftotian as relating, that 
Cbrijtopber , king of .the Hanes, was 
killed in battle by the ftroke of a 
gun, in the veay 1280*!*. Upon exa- 
mining the paflage quoted by Came- 
rariusf, it is only faid, that Chrifio* 
pher t the fon of king Waldmar, was 

killed 


* Clarke’s Nat. HiiL of Saltpetre. 

*} Cran7lut> fciibit Chriftopliorum Danontm 
regem in pradio bombard* idu occifum anno 
1280. Camera. Hor Subf.Con. p. 3. ,12. 

J Cranzius Vandal. Lib. VIII. C. aj. 
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kiHed ia the beginning of an engage- 
ment by a gun, a warlike intirpment 
then lately difcovered. Now it ap- 
pears *, that WaidemAr, Chrifto 
-pfier^s father, did not fucceed to the 
crown of Denmark till the year 133 2, 
and that his fan was killed in a naval 
engagement fever al y fears afterwards f,* 
probably about the time a Signed by 
Munfter for the firft ufe of gunpow- 
der in Denmark. 

But we are able, upon gdod 
grounds, to carry the difcovery of 
gunpowder to a period antecedent 
to the date of the Amberg piece of 
ordnance; and it isprohable enough, 
that its competition was knfiwn long 
before we read any thing of its ufc 
in war. 

Roger 

* CmzIusDam*. Lib. VII. C. 3*. 
f Id.Lib.VJI.C.38. 
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'Roger Bacoa died at Oxford in 
12,92* In the printed copies of the 
works of this renowned Monk, there 
are two or three paflages, from which 
it may fairly be inferred, that fie 
knew >the compofition of gunpow- 
der * ; and a manufoript copy is faid 
to have been feen *f*, wherein 
trejulpbur and, (harceal are exprefsly 
, 'mentioned 

* In omnem diftantiam quam volumus, pefr 
fumus artificialitcr componcre ignejn CQflibu- 
rentem ex fale pctra ct ahis. R. Bacon dr 
Miiab. Potef. Artis ct Nature, Epif, C. VI. 
•—fed tamen fains petrs Lttrtt vopo vrr Cm 
utrict fulpburu ct fic facies tonjtrura ft coruf* 
cationem, ii fdas artiffcium. Id. ib. C. Xf* 
Tt is very probable, that in the firft of tbefe 
pdfiages, Bacon concealed *fnlphur and char* 
coil under the word aliis 5 and that in the laft> 
having mentioned faltpetre and fulphur, he 
concealed charcoal and the method of tailing 
the three ingredients, under the barbaroul 
terms, Luru vopo vir can utrict. 

f Platt’s Nut. Hift. of Cxfordfhire. 
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mentioned, as the ingredients of a 
composition which would bupn at 
any diftance, But though it be al- 
lowed, that Bacon was well acquaint- 
ed with the compofition of gun- 
powder, it will not follow, -either 
that he was the firft difcoveref of it, 
ot that he knew its application to 
fire-arms. 

The M6ors, we have feen, who 
had fettled in Spain, are efteemed 
by fome to have been the firft per- 
fons who ufed gunpowder in the 
pra&iceof war; they alfo brought 
into Europe a great many Arabian 
books, and introduced a tafte for che- 
miftry into different countries, about 
the time in which Bacon flouriihed. 
It is confefled, on all hands, that Ba- 
tfon was no (hunger to Arabian lite- 
rature ; a great part of his optical 
1 rlif- 
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•iitquiiirion*, being evidently bor- 
JoweJ from Albaz.cn the Arab\ and 
)t is not *a /uppofition wholly void 
of probability, that he derived his 
knowledge of the compofition of 
gunpowder from the fame fource. 
\s to his knowledge of* the ufe of 
it in war, he certainly had feme 
idea of it; for he intimates, that 
. itics and armies mig*ht be deftroy- 
cd by it in various ways : but it is 
not equally certain that he had any 
fpecitic notion of the manner of 
ufing gunpowder, which unques- 
tionably pievailed foon aftei his 
death. 

It is* one thing to throw out a 
conjeflure concerning the effedts 
which might be produced by the 
proper application of a known fub- 
ftance; another, to deferibe the 

vol. i, Y means 
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means of applying it. There are 
fubftances in nature, from a com- 
bination of which it is poffible to 
tSeftroy a lhip, or a citadel, or an 
army, by a fhower of liquid fire 
fpontaneoqfly lighted in the air: 
every perfon who is aware of the 
dreadful fiery explofion which at- 
tends thp mixture of two or thicc 
quarts of fpirit of turpentine with 
ft rang acid of nitre, muft acknow- 
ledge the truth of the aftertion , 
but the fimple knowledge of the 
pofilbihty of effe&mg fuch a de- 
ftru&ion, is a very different matter 
fiom the knowledge of irs practi- 
cability; though . future ages may, 
perhaps, invent as many different 
'ways of making thefe fubftances 
unite in the air, fo as to fall’ down 
in drops of fire, as have been in- 
vented 
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vrntechof making gunpowder, a fad 
inftrument. of the deftruftion of 
our fpecies fince the time of Ba* 
con. 

From the accounts given of the 
attempt? of Suhnoneus and Caligula 
*o imitate thunder and lightning, 
fome have ietn of opinion* that 
gunpowder was known to’ihe an- 
cients*: be that as it may, we can- 
not hefitate in admitting that it has 
been long known in various parts 
of Afia. It would be ufdefs to cite 
a variety of authorities in proof of 
this' point? I will content myfelf 
with that of Lord Bacon : — “ Cer- 
tain it is, that ordinance Was "known 

* o 

* See Duten’s Enquiry into the Difcov*- 
rm of the Moderns, p. 263. Englifh Tranf* 
lation. 
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in the city of the Oxidrakes in 
India; and was that which the Ma- 
cedonians called thunder and light- 
ning, and magick. And it is well 
known that the ufe of ortinance 
hath been in China above 2000 

Vfcars V* 

* »» 

One of the mofl: ufeful applica- 
tions of f gunpowder, is in the art 
of mining. The hammer and me- 
tallic wedges were probably the 
firfl: inftruments which men ufed 
for the fplitting of rocks. The 
application of wooden wedges to 
the fame purpofe, feems to have 
been a more recent dilcovery : it 
is the property of dry wood to ex- 
pand itfclf, when wetted with wa- 
ter : miners have had ingenuity 
enough to avail themfelves of this 

pro- 

* '* Bacon’s Efiay on the Viciffitude of Things. 
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property, for it is a pra&ice with 
them *to drive wedges of dry wood 
into the natural or artificial crevices 
of rock's, and to moiften the wedges 
with water. Wood, by imbibing 
moifttfre, fwclls in every dimenfion ; 
and the force of this escpanfion is 
fufficient, in many cafes, to d<;tac?h 
large pieces from the main body of 
a rock. But the expanSve force 
of gunpowder is incompaiably 
greater than .that of moiftened 
wood. There are different accounts 
of the time when gunpowder was 
firft applied to the blading of 
roeks. “ Rojsler relates that in 
1627, ,thc blaftjng of mines was 
brought from Hungary t . and intro* 
duced in the Gtrman mines: but 
Bayer fays, that in 1613, it was ill- 
v 3 vented 
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rented by Martin Ft ey gold at Frei- 
berg **. ( _ 

In anfwer to an inquiry which I 
made concerning the time when 
Wafting was introduced at the fa- 
mous copper-mine at Ellon in, Staf- 
fordjbtre , I received the foliowing 
account from a very able and intel- 
ligent perfon. “ 1 pan give you 
a little fetter jgfoi rrution concern- 
ing the affair of blafting. I have 
known that country where the mine 
is, above fifty years j and have often 
feen the fnmth’s fliop in which, tra- 
dition fays, the firft boring auger 
that had ever been ufed in Eng- 
land was made ; and that the fitft 
* % 

ihot that was ever fired in Deiby- 
fhi tf or Stafiordlbirf, was filed in 

• * 3 tins 

* Sec Tiavtls through the Banuat, &c. by 
Baron Born , Eng. Tranf. p. 192. 
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this very copper-mine at E&on. 
Tht? inhabitants of Wctton (a vil- 
lage adjoining to the mine) tell me 
the auger was made by Come Ger- 
man miners, fent for ow by Prince 
Rupert to work this copper mine at 
Edtou. The Prince (*Rapin fays) 
came into England in <636, and Was 
ordered by "the king to leave the 
kingdom 1645 ; alftd though he was 
afterwards admiral under Charles 
the Second, >t is moft probable the 
miners came during his tirft abode 
m this kingdom. I am very well 
convinced of the truth of the above 
tradition, becaufe the fathers of my 
informers might be very well ac- 
quainted with the mineFS that in- 
troduced blafting among them." In 
addition to this account I wbuld 
oblervc, that the manner of iplitting 
v 4 rocks 
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.rocks by gunpowder, as pra&ifed 
at JUege, was published by the Royal 
Society in 1665; and that it was 
not till abmit the year 1684, that 
the minersTn Somerfetihire began 
to ufe gunpowder*. In the year 
1668 PrinCe Rupcr.t was chofen 
governor of the Society for the Mines 
Royal -f} and as he lived fourteen 
years afeef that*%ppointment, it is 
not improbable that he might fend 
for the German miners in confe- 
quence of his connection with that 
fociety. 

Before the difeovery of blafting 
■rocks by gunpowder, it was the 
cufiom in our Englilb mines, as 
well as in Germany, to fplitthem by 
wood fires. This method is minute- 

* PJlilof. Tranf. 
f Account of Mines, p. 20 ♦ 
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ty defcribed by Agncola *, and h U 
not yet wholly fallen into difufe-y. 
It is a very, ancient mode of mining, 
being mentioned by Diodorus Sico» 
lus, as p rad i fed in fome Egyptian 
mines^: he gives us, in the place' 
here. referred -to, fuch a melancholy 
account of the condition .of the poor 
(laves who were employed in thole 
mines, as mull mafe the Leait of 
t-very humane man, who has a ra- 
tional refped for the natural rights 
of every individual of our fpecies, 
fvvell with indignation, and thrill 
with horror. Would to God, that 
the clemency of the taikmaflers in 
the mints of Peru, and in other fet- 

m 

dements of European Cbriftians , 

could, 

♦ Bo lit Metal. 

| Plulof. Tranf. 1777, p. 414. 

1 Lib. 111. 
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could induce us to believe that 
Diodorus Siculus had exaggerated 
the barbarity of Heathen policy 1 
gut there is much to be' done, 
much, I fear, to be fnffered, by 
all the ftatcs of Qhnfiendom , before 
the Gofpel* of Chrift can be faid to 
be eftabliflied amongft them as a 
rule of life infiucncrng their con- 
' duflr. * * 

It is related of llar-uhal, that he 
opened himfelf a palfage through 
the Alps, by applying fire and vi- 
negar to the rocks which oppofed 
his route. This mode of fplitting 
rocks was, probably, not invented 
by Hannibal j he might have had 
frequent Opportunities of obferving 
a fimilar pra&ire in the filver 
mines in Spain, which daily afford- 
ed him three hundred pounds 

weight 
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weight of filver*. Then! is no- 
thing, indeed, laid of vinegar in 
the defenption of the Egyptian 
inines’ bef&rr mentioned j but Pliny 
exprefsly affirms, that it was ft?e 
quaky of vinegar, when poured 
upon aotks, to fplit fuch as an an- 
tecedent fire had not fplit;, artd 
that u wasothe cuftom of miners 
to bin A. the rocks .the/ intt with, 
by fire and vinegar -}>•. This ac- 
count of Hannibal’s ufmg vinegar 

in 

* Minim adhuc per Hifpanias ab Hanoi* 
bale inchoate* putcos durare, fua ab mtej*- 
torbus numina habentes. m 3 ? ^ queis Bdmlo 
appulatur hoditque, qui CCC pondo Han- 
TtibJi fubminifttabat ladies ! Plm. Hi ft. Nat. 
L. ^ S ?i. ’ ~ 1 

f* baxi liunpit mfufum (acetum) quae non 
rtiperit ignis antecedent PUn. Nat. Hift. 
L. 23 8. 27. 8 k L. 33. S. 21. where by Edicts 
cannot be underftood what we fcall flluis, &SM 
*uiegar has no a&ion op flints. # 
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in fplxtting die rpdcs, is general}/ 
looked upon as fabulous : for. my 
port, 1 can eafily conceive, that a 
few barrels of vinegar ttiighv have 
^e‘?n pf great ufe, if the rocks 
were of the limeftone kind ;« and, 
whether they were fo or pot, I 
leave . ro be fettled by thofe, who 
have vifitedf the plaqp where this 
famous wetaipt. was made. Vine- 
gar corrodes all forts of limeftone 
and marble rocks ; and hence, being 
introduced into the crack made 
by the fire, it might be very effica- 
cious in widening them, and ren- 
dering the |fepvation of lapgc 
lumps by iion crows and wedges 
more It is erroneoufl^ r up- 

pofed, that a large quantity of 
v'megar was requifite, for the vine- 
•gar did not reduce the whole mafs 
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of rocks into ft pulp i (bee 
clearly informs us, that after tty# 
a ft ion ’of both the fire and vinegs*^ 
they were obliged to open their 
paffage by iron inftrumfcnts, which 
would have been wholly unneceffiury, 
had the main body of the sockft 
been drived *by the vinegar, 

cudtntiaquc faxa jafufo auto r jMtfC* 
lta torridam mceisdio rupem Jarra 
, Liv* Hx<U 1. xxl c. xxxviL 
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